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PREFACE. 


The  rapid  dlfftislon  of  Bcientific  knowledge,  and  the  continnally  widening  field 
of  its  applicatioa  to  the  useflil  pursuits  of  life,  have  created  an  increased  demand 
for  new  and  improved  means  of  teaching  the  various  branches  of  Natural  Philoso- 
phy. But  uo  want  is  more  generally  felt,  especially  in  common-schools  and 
academies,  than  the  necessity  of  Philosophical  Diajrrams,  in  the  form  of  Waii 
CharU,  to  supply  the  absence  of  the  expeoMve  Philosophical  Apparatus. 

To  supply  this  want  is  the  purpose  of  the  Philosophical  Series  of  tha  compiler's 
Inde^ructibte  School  Charts;  to  accompany  and  explain  which,  and  provide  a  suit- 
able text-book  for  schools  and  academies,  are  the  objects  of  this  volume. 

Before  describing  these,  reference  is  here  made  to  a  Beries  of  Charts  prepared  to 
supply  this  need,  by  tlie  same  compiler,  in  1856 ;  being  a  set  of  ten  Pliilosophical 
Charts,  3  by  4  feet,  embracing  about  two  buudred  diagrams,  a  large  edition  of 
which  was  readily  sold ;  but,  in  consequence  of  the  engravings  bdng  destroyed 
by  fire,  no  subsequent  editions  were  issued. 

To  show  the  purpose  of  these  Charts  and  the  favor  with  which  they  were  re- 
ceived at  the  time  of  their  publication,  we  give  the  ophiions  of  a  few  of  the  most 
distinguished  men  of  the  age  : 

From  Benjamin  Silliman,  LL,D,,  Prof.  Emtritva  in  Tale  College. 

Dr.  JoB}tsoTi'a  Phitosophical  Charts  are  well  worthy  of  the  attention  of  all  teachers 
and  learners  of  the  different  branches  of  Natural  Philosophy,  to  which  they  relate. 

The  diagrams,  drawn  in  colored  or  contrasted  lines  upon  a  black  ground,  are  per- 
fectly distinct  and  intelligible,  and  the  large  siie  and  handsome  mounting  of  the 
Charts  gire  them  a  striking  and  attractive  appearance. 

To  teachers  without  apparatus,  they  must  be  an  invaluable  acquisition,  and  a  very 
nseful  one  to  those  who  have  the  instruments. 

Such  illustrations,  as  they  speak  to  the  mind  through  the  eye,  admit  of  indctinita 
extension  to  every  branch  of  Natural  Science.  BENJ.  SILLIMAN. 

From  Rev.  Francis  Wayland,  D.D.,  LL.D,,  former li/  Pres-  of  Brown  VniuersHy. 

I  have  carefully  examined  Dr.  Jokhson's  Philosophical  Charts,  and  think  them  well 
adapted  to  the  purposes  for  which  they  are  intended.  They  will  aftbrd  important  iiid 
to  instructors  in  academies  and  schools  where  Philosophical  Instruments  are  not  fur- 
QJahed  to  perform  illustrative  experiments.  In  many  cases  they  will  also  be  of  ser- 
vice even  in  addition  to  any  ordinary  apparatus. 

FRANCIS  WAYLAND. 

J^rovidtnee,  B.  /,,  Feb.  8tt,  ISStJ. 
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Fnm,  the  Son.  Theodore  Frelinyhvyten,  Pret.  Jtulgera  ColUge,  New  Jerity,  formerly 
Chaneelior  of  New  York  Vniversitj/. 

Dr.  Johnson's  "  Philosophical  Charts,"  deaigned  for  the  ub*  of  Bchoola  and  acad- 
emies, furnish  an  admirable  substitute  for  the  far  more  expensive  apparatus.  These 
Charts,  huug  on  the  walla  of  the  school -room— in  alt  of  which  I  hope  to  see  them— 
will  spread  before  the  scholar  a  palpable  illustration  of  the  great  laws  in  Natural 
Philosophy.  He  will  learn  much  of  God,  from  the  works  of  his  hand  and  the  ordi- 
nances of  his  appointment. 

The  small  volume  that  accompanies  them,  and  a  little  explanation  from  the  teacher, 
will  render  the  Charts  one  of  the  moit  useful  means  of  instruction. 

THEODORE  FRELINGHUY8ES. 

From  the  Son.  Horace  Mann,  President  Antioch  College,  Ohio, formerly  Secretary  Board 
of  Education  of  Masaachutetts. 
*••**••  In  schools  where  there  is  not  the  Philosophical  Apparatus, 
these  beautiful  "  Charts  "  will  be  an  excellent  substitute  for  it ;  and  I  shall  be  glad  to 
show  and  to  commend  them  to  such  persons  u  can  best  introduce  them  into  schools, 
and  especially  to  such  as  shall  go  forth  from  our  institution  to  become  school-teachers. 

HORACE  MANN. 

These  Charts  were  made  on  paper,  and  mounted  on  cloth  aad  rollers,  in  the 
usual  manner. 

They  were  executed  in  tehile  linea,  by  printing  the  background  black ;  which,  it 
is  admitted,  is  the  most  desirable  method,  as  it  renders  the  diagrams  more  eon- 
tpiewma,  yet  eaaierfor  the  eye.  The  difficulty  of  prmting  a  clean  and  pure  black 
on  so  large  a  surface,  however,  made  it  impossible  to  execute  them  with  desirable 
neatness  and  perfection.    This  difficult;  has,  finally,  been  overcome. 

There  are  several  serious  objections  to  the  usual  method  of  making  Charts  and 
Maps  un  paper,  and  then  mounUng  them  on  cloth  and  rollers,  which  it  is  desirable 
to  avoid  : 

1st.  As  already  stated,  it  is  next  to  impossible  to  print  a  laige  black  ground, 
and  so  give  the  diagram  in  -ahite,  or  light-colored  lines. 

3d.  Cloth  and  paper,  pasted  together,  do  not  work  well.  In  damp  weather  the 
eiotk  skriiila  and  the  paper  twelis,  and  vice  versa  in  dry  weather.  This  draws  tlie 
chart  out  of  a  true  plane,  renders  the  surface  wavy,  and  prevents  it  from  hanging 
flat  on  the  wall. 

3d.  The  tape-binding,  sewed  or  pasted  on  the  edges,  and  the  sticks  nailed  on  at 
top  and  bottom,  render  the  Chart  clumsy  and  awkward  to  handle,  as  well  as  Uable 
to  need  repairs. 

4th.  The  cloth  and  paper,  and  the  paste  between  them,  make  the  Chart  so  stiff, 
that  if  it  be  rolled  up  m  damp  and  unrolled  in  dry  weather,  it  is  impossible  to 
make  it  hang  flat  on  the  wall. 

Stli.  The  varnish  employed  to  improve  and  protect  the  surface  soon  cracks  and 
crumbles  off. 

6tli.  Tliey  soon  appear  dingy  and  show  age. 

7th.  The  paste  employed  in  mounting  often  tempts  the  rats  and  mice  to  test 
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what  Tirtoe  there  is  in  Bchotding  for  Umi,  to  the  entire  ctettractioD  of  the  Cham 
on  the  fint  inTtoUgation. 

8th  Charts  thus  made  are  not  suffldently  durable  Tor  Bchool  pnrposefl. 

To  obviate  all  these  objections,  the  compiler  has  invented  and  adopted  a  method 
of  producing  what  he  terms  INDESTRUCTIBLE  SCHOOL-CHARTS. 

The  method  of  making  Hum  Chartt  i>  entirely  nne.  There  in  neHher  p^per,  ink, 
printing-praa,  tape,  roUen,  nor  wmUk,  employed  in,  their  maiu^aeture.  They  an 
printed  by  fumd  in  part  tehite  Unet,  viith  imperitht^iie  vH-eoion,  on  enam^ed  Jet-black 
doth. 

They  are  as  mtooth  at  glau,  at  toft  and  pUabie  a*  tHk,  aTid  hang  ■perfectly  Jlat  on 
the  waU.  ITU]/  are  at  durcUile  at  a  itone  tehooihottte  ;  they  can  he  employed  at  table' 
eoeert,  terubded  tuilh  goap  and  water  for  years,  and  then  be  employed  as  Charts.  The 
background  iijet-blaek,  and  far  tuperiar  to  any  ink-printing.  Blacli  and  white  are 
not  ttic  only  colors  that  may  be  employed ;  for  any  desirable  color  can  be  used 
for  either  background  or  diagrams. 

Each  Cbart  is  surrounded  with  a  bigbly-colored  border,  giving  it  a  remarkably 
ueat  and  lively  appearance. 

The  mounting  consiste  of  an  oval  stick  inclosed  in  a  hem  of  the  Chart  at  top 
and  bottom,  ttms  avoiding  patte,  UnMng,  naUi,  and  dumsy  toVLbts. 

The  PhUosophieai  Seriet  consists  of  ten  Charts,  each  33  by  54  inches,  and  is 
intended  to  much  more  than  supply  the  place  of  the  series  above  alluded  to,  em- 
bracing, instead  of  about  two  hundred  diagrams,  over  five  hundred,  on  the  various 
branches  of  2fatural  PhUoaophy,  as  taught  in  schools ;  each  diagram  being  care- 
fully drawn,  and  standing  out  in  bold  while  lines  on  a  Jet-black  surface,  consti- 
tuting, wc  are  confident,  the  moti  complete,  mott  dur^iie,  and  cheapest  substitute 
for  Vie  PhUoeophieal  Apparatus  ever  pvMithed. 

Tbese  Charts  are  to  Ifatural  Philosophy  what  blackboards  are  to  mathematics, 
and  what  maps  are  to  geography. 

Every  drawing  is  made  simple  as  possible,  without  omitting  any  part  neces- 
sary to  give  a  clear  illustration  of  the  essential  law  or  principle  to  be  explained. 

£ach  diagram  is  numbered,  and  provided  with  designating  letters  sufflciently 
large  and  bold  to  be  seen  across  the  recitation-room. 

The  entire  set  of  ten  is  arranged,  if  desired,  on  a  Sliding  Chart-Rack,  in  such 
a  manner  that  the  whole  set  will  occupy  but  about  four  feet  in  width  of  wall- 
room,  yet  either  one  of  the  set  can  be  brought  to  view  as  readily  as  a  leaf  can 
be  turned  in  a  book. 

These  Charts  are  etpeeially  designed  to  supply  the  wants  of  our  common-schools 
and  academics  which  are  not  provided  with  the  apparatus,  which  they  have  come 
greatiy  to  ne«d,  but  are  generally  unable  to  purchase.  In  many  parts  of  the  coun- 
try, the  majority  of  diatrict-schools  are  no  longer  "  common-schools,"  merely, 
where  is  taught  only  spelling,  reading,  and  writing,  together  with  the  primary 
branches,  arithmetic,  geography,  and  grammar ;  but  tliey  have  come  to  be  acad- 
emies, where,  at  least,  so  much  of  the  natural  sciences  is  taught  as  is  contained 
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in  the  ordinary  school-manuals  on  Natural  PhUoBophy ;  ihut  ereaUt^  a  general 
and  ecer-inereating  ■aece$ntyfor  a  work  <tf  this  kind  at  a  cheap  and  adequate  »ui«lu 
tulefor  the  Philo»opMeal  Apparatut. 

Witb  a  set  of  these  Charts  in  the  schoolroom  the  teacher  can  awaken  in  his 
pupils  the  liveliest  interest  for  the  study  of  Natural  Philosophy,  and  fix  in  their 
minds  more  lasting  impressions  of  general  principles  than  by  any  other  means, 
in  the  same  time  and  with  equal  effort. 

While  the  intelligent  teacher  will  be  able  to  make  invaluable  use  of  them,  with 
whatever  text-book  he  may  have  in  his  school,  or  even  without  any  text-book, 
yet,  to  render  the  Charts  more  useflil  to  the  cause  of  education,  this  volume,  instead 
of  being  limited  to  an  explanation  of  the  diagrams  of  the  Charts,  embraces  an 
enunciation  and  demonstration  of  more  general  laws  and  principles  relating  to 
the  various  departments  of  Natural  Philosophy  than  are  usually  contained  in 
school-manuals  on  this  branch  of  education. 

The  average  number  of  cuts  or  diagrams  in  text-books  on  this  subject  falls  con- 
siderably IkIow  three  hundred,  while  these  Charts  cont^n  jive  hundred  (counting 
two  for  one  in  a  few  instances,  M-here  they  are  combined  to  save  space),  all  of 
which  are  contained  in  this  volume ;  and,  in  order  to  have  them  appear  as  much 
like  the  Charts  as  possible,  they  are  made  quite  large,  in  white  lines  on  black 
ground,  and  copied  by  photography;  hence  they  are  reduced /ac-*t»u^  of  the 
Cli  ar  t-d  i  agrauis. 

Th«  plan  of  numbering  tite  paragraphs  has  been  adopted  for  convenience  of 
reference. 

Phytica,  or,  as  more  generally  termed,  Nataral  PhUoaophy,  embracing  several 
fldences,  as  Mechanics,  Hydrostatics,  Pneumatics,  Acoustics,  Heat,  Optics,  Magnet- 
Ism,  Electric!^,  Astronomy,  etc.,  many  volumes  would  be  requu%d  to  conUun  all 
that  is  known  relating  to  the  various  branches  of  the  subJecL  Hence,  within  the 
narrow  limits  of  a  text-book,  only  the  leading  or  fundamental  principles  can  be 
set  forth.  The  field  is  so  large,  and  the  varie^  from  which  to  select  so  great,  that 
compilers  of  school-manuals,  differing  is  their  views  respecting  the  relative  prac- 
tical importance  of  the  different  parts  of  the  subject,  have  produced  a  variety  of 
compendlums,  which,  however,  treating  of  the  eternal  laws,  can  differ  only  in  size, 
arrangement  and  classification  of  subjects,  judiciousness  of  selection,  aptness  of 
illostration,  precision  and  clearness  of  statement,  and  embracing  important  new 
discoveries. 

In  these  respects,  the  relative  merits  of  various  schoolbooks  on  Natural  Plii- 
losophy  will  be  most  justly  estimated  in  the  schoolroom  by  the  practical  teacher 
and  earnest  student 
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To  make  this  book  as  comprehensiTe  as  poedble,  without  rendering  It  too  l&t^ 
for  school  purposes,  the  practical  iliustrations,  under  the  generai  principles,  have 
not  been  oiulliplted.  Besides,  it  is  not  the  I>est  plan  for  the  compiler  of  text-bookg, 
after  having  clearly  enunciated  and  demonstrated  a  general  prindple,  to  go  on 
and  point  out  all  its  practical  illustrations  and  applications ;  for,  by  so  doing,  he 
deprives  the  teacher  and  student  of  Uie  opportunity  to  ezerciae  their  ingenui^  in 
performing  this  part  of  the  work.  The  infltructor  should  impress  upon  the  mind 
of  the  learner  the  importance  of  forming  the  Jiobit  of  observing  the  operations  of 
Nature  that  are  always  occurring  about  him,  and  to  exercise  his  miud  by  referring 
them  to  the  laws  or  general  principles  by  which  they  are  explmned. 

The  teacher  can  make  use  of  the  Charts  In  various  ways.  He  may  use  the 
pointer  himseif,  or  have  the  pupil  use  it  A  good  plan  is  to  have  the  scholar 
exerdse  himself  by  demonstraUng,  with  the  pointer,  diagrams  contained  in  pre- 
vious lessons,  which  he  will  be  able  to  do  with  success  and  advantage,  having 
witnessed  the  teacher's  previous  demonstrations ;  or  the  pupil  may  do  the  same 
with  the  advance  lesson  before  listening  to  the  instructor's  explanation. 

It  is  of  the  utmost  importance  that  the  scholar  acquire  the  habit  of  oral  demon- 
stration, as  it  is  by  this  practice  that  the  teacher  is  enabled  to  know  what  the 
scholar's  difficulties  are — to  ascertain  what  he  undergtandt,  and  what  he  deee  not, 
a.  quick  appreciation  of  which  is  one  of  the  greatest  secrets  of  successfbl  leaching. 
By  frequent  demonstrations,  the  learner,  at  the  same  time,  cultivates  the  power 
of  expressing  and  communicating  to  others  what  he  has  acquired.  Besides,  it  is 
by  demonstrating  that  definite  and  thorough  knowledge  is  obtained. 

The  pupil  should  be  frequently  exercised,  also,  in  reviewing,  in  order  to  impress 
tlie  idea  on  the  memory;  for,  to  learn,  and  forget  sb  readily,  is  of  but  little  use. 

SabiiiuU  demotutrating  and  conttant  reviewing  are  indi»pen»able  to  the  higheat 
degree  of  mceeu  in  the  art  of  ieachirtg  ;  and  these  Charts  are  particularly  adapted 
to  facilitate  both  of  these  exercises. 

Once  in  the  schoolroom,  they  are  constantly  before  the  learner,  and  at  the  com- 
mand of  the  instructor,  instead  of  being  locked  up  and  out  of  tight,  as  is  usually  the 
case  with  the  apparatus.  They  can  be  seen,  too,  at  greater  distance,  and  by 
greater  numbers  at  a  time.  Besides,  many  tilings  are  well  delineated  by  the  Charts 
that  could  not  t>e  shown  at  all  in  the  schoolroom  with  the  apparatus. 
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NECESSITY  AND  USEFULNESS  OP  MAPS  AND  CHARTS, 

No  institutions  of  the  age  are  of  more  importance  than  those  of  common  educa- 
tion ;  of  these  none  hold  a  more  essential  rank  than  the  "  Common  -Schools."  In 
these  the  firii  habitt  of  study  are  formed,  and  the  rudimentary  and  f\indamental 
principles  of  Itnowledge  and  science  are  acquired;  and  every  expejrienced  teacher 
understands  the  importance  of  forming  correct  AoMHi  of  study,  and  the  still  greater 
necessity  of  acquiring  a  luad  and  thorough  underttanding  of  the  elementarf/ princi' 
pl«,  in  order  to  comprehend  the  more  intricate  and  complicated  principles  of 
science,  that  constitute  an  endless  study  for  all  subsequent  lifetime.  Hence,  nhat- 
ever  promotes  the  success  of  such  institutions,  or  facilitates  the  art  of  teaching, 
must  be  deserring  of  attention,  and  worthy  the  necessary  means  of  acquisition. 
When  the  scan^  supply,  the  ahnost  entire  absence,  of  wds  and  helps— save  a  bun- 
dle of  birch  rods  and  a  huge  oak  ruler — wliich  constituted  the  assistance  of  the 
teacher  a  few  years  ago,  is  contrasted  with  the  many  bdlities  with  which  tlie 
instructor  is,  or  may  be,  surrounded  at  the  present  day,  every  one  who  has  a  cliild 
to  be  educated,  or  feels  himself  at  all  interested  in  the  general  education  of  his 
fellow-beings,  will  be  at  once  pleased  and  stirprised  to  behold  how  great  and  rapid 
has  been  the  Improvement  achieved  in  this  important  question  of  educational 
progress. 

Among  the  many  means  which,  for  the  past  few  years,  have  been  brought  to 
ud  in  this  most  essential  art  of  life,  that  of  teaching,  the  most  serviceable  and  popu- 
lar is  that  of  repretonUng  to  the  eye  what  before  wu  only  demonttrated  to  the  ear. 

How  limited  would  be  our  knowledge  of  language,  Oeometiy,  Algebra,  and 
Arithmetic,  for  instance,  without  their  vuiNe  symtwls.  And  with  them  how  great 
is  our  progress  in  these  branches,  and  how  extensive  is  their  application  in  the 
development  of  other  sciences,  and  the  usefhl  pursuits  of  life.  Imagine  the  slow 
and  tedious  process  of  teaching  Mathematics  to  a  young  mind  through  the  ear, 
without  representing  the  same  to  the  <^  by  means  of  figure*,  lettera,  and  diagrama. 
But  by  these  symlwls,  with  slate  and  blackboard,  he  gives  to  these  invisdile,  and, 
OS  it  were,  imaginary  things,  dimeTttumt,  loeaUtiee,  and  natnee,  so  that  he  may  t>e 
able  to  Bee  them,  and  seeing,  gnup  them,  while  the  mind's  eye  contemplates  them 
at  Idsure.  Music  could  not  rise  to  the  dignity  of  a  regular  art  imtil  musical  notes 
were  invented,  which  rendered  it  possible  to  express  harmonies  of  sound  to  the 
eyo.  If  the  mind  may  be  so  greatly  uded  by  ocular  signs,  when  there  is  no  natural 
relation  between  them  and  the  objects  they  represent,  as  in  letters,  numerals, 
figures,  and  musittal  notes,  how  much  more  must  its  power  be  increased,  when 
the  symbols  and  drawings  assume  the  pictorial  character,  and  l>ecome,  in  a  man- 
ner, actual  imitatioiu  of  the  things  to  i>e  considered. 

Visible  diagrams  are  most  usefbl  where  definite  and  exact  properties  and  re- 
lations are  to  lie  communicated  to  the  mind,  as  in  natural  science. 

Whenever  the  object  consists  of  such  fixed  elements  and  qualities  as  are 
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capable  of  deliaeaUon,  but  are  not  themaeWes  taogible,  pictorial  illnstrations  or 
some  kind  become  Indispensable,  as  in  Oeometiy,  Tri^nometry,  and  otber  higher 
mathematics.  In  communicating  descriptions  of  physical  objects,  wbich,  in  their 
extent  and  complexity,  are  beyond  the  scope  of  direct  viMon,  as  in  Geography, 
Gvology,  and  Astronomy,  lllustradons  and  delineations  are  indiBpensable.  With 
what  sDccesa  could  Qeograpby  be  tatigbt  or  comprehended  by  written  and  oral 
description  withont  the  aid  of  maptf  A  mere  glance,  however,  of  the  eye,  at 
geographical  maps  and  astronomical  charts,  will  give  a  more  correct  appreciation 
of  the  position  and  magnitude  of  oceans,  continents,  rivers,  momitains,  states, 
conntiee.  and  towns,  also  of  suns,  planets,  comets,  and  stars,  than  it  were  possible 
to  obtain  by  reading  voluma  of  written  description.  A  person,  for  instance,  by 
spending  only  one  hour  in  viewing  a  well-execntcd  panorama  of  the  Hississlppl 
river  and  its  scenery,  will  obt^n  a  more  correct  and  lotting  impression  of  the  same, 
than  by  perusing  an  elaborate  and  weU-writteo  description  for  weeks  and  months. 
An  entire  volume,  and  a  course  of  lectures  descriptive  of  a  large  ci^,  would 
fall  to  equal  one  good  cosmoramic  view,  requiring  but  Jlee  minuted  con- 
templation. 

It  would  seem  impossible  hi  these  times  to  acquire  a  respectable  knowledge 
of  Anatomy,  Physiology,  and  Surgery,  without  the  aid  of  the  numberless  and 
elaborate  illastrations  thickly  Interspersed  throughout  every  recent  book  on 
these  subjects. 

The  study  of  History,  too,  is  greatly  facilitated  by  charts  and  diagrams.  The 
study  of  Natural  History  would  tie  impossible  without  the  assistance  of  pic- 
torial representations ;  but  with  the  help  of  these,  a  specimen  of  every  class, 
species,  and  variety  of  man,  beast,  bird,  fish,  reptile,  and  insect,  from  every 
quarter  of  the  globe,  can  be  brought  into  the  study  or  schoolroom  to  be  con- 
templated by  the  learner  at  his  leisure. 

When  objects  to  be  considered  are  too  minute  to  admit  of  immediate  observ* 
ance,  or  in  their  nature  are  wholly  invisible,  invaluable  assistance  is  rendered  by 
pictorial  descriptions,  as  in  microscopic  science  and  chemistry. 

Agwn,  in  the  Mechanic  Arts  and  Architecture,  bow  important  is  the  aid  derived 
by  means  of  delineations.  If  it  were  attempted  to  give  a  fhll  descriptiou  of  a 
modem  steam-engine,  or  a  watch,  or  a  complicated  printing-press,  by  addressing 
the  imagination  and  perceptive  foculties  orally,  without  any  kind  of  illustrative 
diagrams,  volumea  would  be  required  to  impart  little  more  than  a  vague  idea 
of  these  objects;  on  the  other  hand,  a  mere  glance  of  the  eye,  at  the  diagrams  and 
pictorial  illustrations  of  these  complicated  machines,  will  enable  even  younger 
minds  10  obtain  quite  a  clear  understanding  of  their  construction  and  operation. 

Moral  tmUimente,  too,  cannot  possibly  by  any  other  method  be  half  ao  immov- 
ably impressed  upon  the  mind  as  by  means  of  pictures.  Henry  Ward  Beecher 
says  be  used  to  look  at  the  picture  of  the  "  boy  stealing  apples  "  till  lie  fairly  wore 
out  that  leaf  of  his  spelling-book.  All  children  will  read  "iEsop's  Fables"  viith 
tAe  pieturet,  while  hardly  any  will  read  them  without  tbe  illustrations.    Grown 
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persooB  as  well  as  children  will  have  th^  attention  excited  when  Teal  objects 
are  brought  before  them,  and  tn  the  abeence  of  real  objects,  good  pictures  will 
interest  them  equally;  and  this  is  for  the  reason  that  their  underOanding  is  so 
mucli  aided  bg  them  as  to  receive  ffraUjieation,  and  yield  the  readf/  pleasure  of 
BNOwiNQ,  But  in  oral  and  written  descriptions  alone,  the  mental  effort  required 
to  eotnprehend  overpowers  curiosUy,  which  renders  it  a  tasli  to  give  attention,  and 
thus  destroys  the  pleasure  of  study.  In  conversation  on  common  subjects,  eveo, 
do  we  not  almost  inttineHvely  catch  up  pen  or  pencil,  and  represent  to  the  eyt 
what  we  are  attempting  to  describe  to  the  ear  f  And  this  is  because  we  can  make 
ourselves  so  much  more  easily  and  dlstinctiy  apprehended. 

Books,  which  but  few  years  ago  were  made  in  solid  pages  of  reading  matter, 
presenting  a  dull,  monotonous  appearance,  are  now  relieved  and  enlivened  by 
a  thousand  interesting  illuetrations,  each  page  Inviting  the  learner  and  clsiming 
his  attention  with  some  lucid  and  instmctive  picture.  Many  subjects  which 
before  were  considered  dry  and  uninteresting,  and  even  beyond  the  capacity  of 
ordinary  minds,  and  therefore  seldom  pursued  by  them,  or,  if  so,  with  an  obscure- 
ness  that  amounted  to  a  waste  of  time,  iiave  now  come  to  be  so  clearly  explained, 
by  means  of  this  picture-maldng  art,  as  to  be  brought  within  the  comprehension 
of  the  moat  ordinary  minds ;  thus  causing  the  natural  sciences,  especially,  to  be 
more  generally  read  and  appreciated  than  were  possible  by  any  other  method. 

The  superiority  of  the  eye  over  all  other  senses,  as  a  means  of  education,  is 
undeniable,  for  it  has  been  demonstrated  beyond  a  question.  No  other  system  of 
teaching  renders  the  acquisition  of  knowledge — especially  scientific  knowledge — 
so  pleasant  and  agreeable  to  the  learner.  With  appropriate  diagrams  and  draw- 
ings, properly  demonstrated,  scholars  will  become  fascinaUd  in  studying  those 
principles  and  sciences  which  before  they  dreaded,  and  pronounced  tedious  and 
irksome,  and  tried  their  utmost  to  avoid.  This  method  not  only  makes  study  a 
plenatire,  both  to  teacher  and  pupil,  but  it  greatiy  economizes  their  time  and 
labor,  and  produces  in  the  learner  the  habit  of  demonstrating  ;  giving  the  acquired 
knowledge  of  general  principles  an  exactness  and  fixedness  in  the  mind  which 
enables  him,  in  aiter-life,  to  make  a  ready  and  practical  application  of  his 
education. 

In  short,  Authors,  Lecturers,  and  Teachers,  in  almost  every  branch  of  learning, 
have  found,  by  the  infallible  test  of  experience,  that  they  may  pour  knowledge, 
in  large  measures,  through  the  eye,  and  impress  it  indeiibli/  on  the  mind.  Other- 
wise,  why  have  books  on  all  subjects  come  to  be  so  filled  up  with  pictures? 
There  is  hardly  a  work  now,  on  the  natural  sciences,  at  least,  but  what  contains 
hundreds  of  illustrations.  Pictures  are  no  longer  made  solely  for  the  amii»einent 
of  cliildren.  Books  treating  of  the  most  Intricate  sciences,  even,  have  come  to  be, 
emphatically,  " Picture-Book»" 

Already  many  books  may  be  read  by  their  pictures.  Lett  reading  matter  and 
more  pietvret  is  fast  becoming  the  motto  in  book-making. 

Of  the  various  methods  of  pictorial  illuatrations,  that  of  maps  and  charts,  on  a 
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large  scale,  for  the  use  of  tescben  and  lectufeis,  is  the  most  Berviceablc,  as  k  en- 
ables the  instructor  to  make  bis  demonstratioos  to  a  whole  class,  ecliool,  or  public 
audience  ot  tbousands,  even,  with  the  same  time  and  effort  required  to  give  the 
same  explanation  to  one  learner  alone.  Especially  usefbl  and  necessary  arc  such 
maps  and  charts  in  common-schools  and  academies,  where  the  IcamerB  are  be^O' 
nen,  and  consequentij  their  powers  of  abstraction  as  yet  undeveloped.  Even  the 
*' A,B,C8"  and  "a-b  ab's,"  Edition  and  multiplication  tables, etc.,  are  now  exten- 
sively printed  in  the  form  of  charts,  and  at  once  placed  before  the  whole  school  or 
class,  and  are  thus  taught  with  a  Aundrcd/oldgreatersuccess  than  by  the  old  method 
of  calling  up  one  youngster  at  a  time  and  pointing  with  a  pin  at  a  dozen  small, 
obscure,  half-obliterated  letters, and  telling  him  "  thai  is  A,  tJuU  is  B,  tJuU  is  C,"  etc., 
then,  shutting  the  boolt,  sending  htm  to  fold  bis  bands  for  the  next  two  or  three 
hoars,  to  gaze  at  nothing  but  the  blank  vaUi.  If  the  assistance  rendered  by  charts 
be  so  great  in  teaching  tiiese  mere  ^mboU  and  simplest  rudiments,  how  much 
greater  must  be  their  utili^  in  teaching  those  general  prineipUt  which  constitute 
the  basis  of  several  important  adtnut,  as  in  the  study  of  Natural  Philosophy. 

Natural  Philosophy,  as  treated  in  scboolbooks,  Iwing  composed  of  a  'description 
of  Qm  fundamentcd  and  leading  principles  of  several  sciences,  as  Mechanics,  Acous- 
tics, Optics,  Electricity,  Astronomy,  etc.,  becomes,  therefore,  the  common  branch 
of  education  most  generally  pursued  by  scholars  after  acquiring  a  degree  of  pro- 
ficitucy  in  the  more  purely  rudimentary  branches.  Natural  Philosophy,  too,  being 
of  an  abstract  nature,  especially  to  beginners  and  young  minds,  it  is  of  the  greatest 
necGiisity  that  its  leading  principles  be  represented  to  the  eye  of  the  learner  in  the 
most  lucid  and  simple  form  possible,  that  be  may  receive  a  (iear,  strong,  and  lasting 
iin])ression  of  the  important  principles  that  make  up  this  most  essential  branch  of 
common  education.  Natural  Philosophy  is  so  almost  universally  applicable,  in 
one  or  another  form,  to  the  useful  pursuits  of  life,  that  eveiy  scholar  should  pursue 
it  and  engraft  its  principles  deep  in  bis  mind,  before  he  set  out  on  his  practical  life 
in  earnest  If  any  one  study  is  to  be  more  thoroughly  demonstrated  and  mastered 
than  another,  it  should  be  Uiis.  But  it  is  the  opinion  of  all  teachers,  that  without 
the  aid  of  appropriate  apparatut  or  dramnga,  Natural  Philosophy,  especially,  can 
be  taught  with  but  little  success.  To  draw  the  necessary  diagrams  on  the  black- 
board, from  day  to  day,  requires  too  much  of  the  teacher's  time,  and  so  mucli  of 
Ills  patience  and  skill  that  he  seldom  draws  them  at  all ;  and,  if  be  draw  them,  they 
are  erased  fW>m  the  board  the  next  half-hour:  and  to  obtain  the  real,  necessary 
philosophical  apparatus,  is  too  expensive  to  be  generally  aSbrdeil.  Of  common- 
schools  and  academies,  hardly  one  in  a  thousand  cau  afford  the  apparatus.  Many 
thousand  dollars  would  be  required  to  purehase  all  the  apparatus  represented  by 
these  charts ;  yet  these  will  serve  all  the  general  purposes  of  a  complete  set  of  ap- 
paratus, and  in  some  respects  answer  better,  and  are  not  so  expensive  but  that 
every  school  may  obtain  them. 

BaooKLn,  N.  T.,  Juiuut  1,  ISn. 
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CLASSIFICATION  OF  THE  SCIENCES. 

•  A  law  is  a  necessary  relation  between  cause  and  effect;  universal 
experience  having  shown  that  like  cavses  always  produce  like  effects. 

General  Science  is  a  knowledge  of  the  laws  of  the  Universe. 

A  special  science  consists  of  the  collection,  classification,  and  explana- 
tion of  all  the  known  laws  and  leading  truths  relating  to  some  definite 
snbject  For  example :  the  Science  of  Astronomy  is  made  up  of  the 
collection,  classification,  and  explanation  of  all  the  known  laws  and 
leading  truths  which  relate  to  the  heavenly  or  celestial  bodies. 

Knowledge  which  relates  to  Mind  is  called  Science  of  Mind,  or  Meta- 
physics; and  is  subdivided  into  Intellectual  Science,  Moral  Science, 
Science  of  Logic,  etc. 

Knowledge  which  relates  to  the  Material  Universe  is  called  Physical 
Science,  or  Natural  Philosophy ;  which  is  subdivided  into  Science  of 
Organized  Matter,  or  Physiology,  and  Science  of  Unorganized  Matter, 
or  Gexebal  Physics. 

Physiology  treats  of  matter  as  modified  by  the  force  or  principle  of 
t^italitg,  and  is  further  divided  into  two  branches:  Animal  Physiology, 
or  Zoology,  and  Vegetable  Physiology,  or  Botany. 

Unorganized  matter  is  divided  into  two  classes.  Celestial  and  Terres- 
trial. Hence  General  Physics  treats  of  celestial  bodies  (including  the 
earth  as  a  whole),  called  Astronomy,  and  terrestrial  bodies,  called  Ter- 
restrial Physics. 

Terrestrial  Physics  is  again  subdivided  into  two  branches,  called 
Physics  (or  Natural  Philosophy)  and  Cliemistrg.  Tlic  former  treats  of 
the  general  properties  of  bodies ;  the  latter  treats  of  the  ultimate  par- 
ticles of  bodies  and  their  laws  of  combination. 

For  a  farther  explanation  of  the  relation  between  the  science  of 
Chemistry  and  that  of  Physics  (or  Natural  Philosophy),  see  paragraphs 
2,  6,  7,  and  8. 
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CHAPTER    I. 

(CHART  NO.  1.) 

MATTER,  FORCE,   MOTION,   AND  MECHANICS. 

Deflnitioiu  and  Preliminary  Principles. 

X.  Matter. — Matter  is  the  general  name  of  everj'thing  that  occnpies 
space,'  and  which,  in  an  infinite  variety  of  forma,  is  tlie  object  of  sense. 
It  is  only  through  the  agency  of  our  five  senses  that  we  become  con- 
scious of  the  existence  of  any  matter,  even  of  our  own  bodies. 

A  body  is  a  definite  and  limited  portiou  of  matter,  be  it  a  world,  or  a 
particle  of  dust 

Different  kinds  of  matter,  as  iron,  granite,  or  water,  are  called  sub- 
stances. Though  there  are  a  vast  nnmber  of  different  substances,  there 
have  been  found,  by  chemical  analysis,  as  yet,  only  about  sixty>four 
different  kinds  of  matter,  termed  elements, — some  ten  or  twelve, 
only,  of  these  making  ap  the  great  bulk  of  all  we  see. 

Some  bodies  or  substances  consist  of  a  single  element,  as  oxygen, 
carbon,  iron,  sulphur,  gold,  etc.;  others  of  two  or  more  elements,  as 
water,  consisting  of  two  (hydrogen  and  oxygen),  and  oil,  three ;  crystal- 
lized common  salt,  four ;  crystallized  alum,  five ;  pure  white  of  eggs,  six. 

2.  Changes  in  matter,  chemical  or  physical. — The  peculiar 
attraction  which  draws  and  nnites  together  the  ultimate  atoms  of 
different  simple  elements  is  termed  chemical  affinity.  The  simple 
elements,  when  united  by  this  affinity,  become  entirely  changed  in 
their  physical  properties;  for  instance,  oxygen,  which  is  a  gae.  and  the 
best  supporter  of  combustion,  and  hydrogen,  also  a  gas,  and  the  most 
inflammable  and  h'ghtest  element,  when  chenriailhi  combined,  instead 
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uf  remaining  gases  (or  forming  a  new  gas)  and  afTordiDg  a  sabstance 
for  rapid  combugtion  with  intense  heat,  as  might  be  expected,  are  9X> 
modified  )>y  the  chemical  affinity  which  unites  them,  that  water,  a 
denst*  uud  iinelastic  liquid  which  extinguishes  fire,  is  the  result.  And 
though  the  specific  identity  of  these  two  elements  is  wholly  destroyed 
by  this  chemical  union,  yet  the  ultimate  atoms  are  noi  changed.  Such 
changes,  destructive  of  xpecific  identify,  are  called  chemical  changes. 

Changes  which  do  not  destroy  specitic  identity  are  termed  physical 
diaufjes ;  as  when  un  iron  bar  acquires  magnetism  from  loadstone,  or 
when  a  glass  tu]>e  becomes  electrical,  by  being  rubbed  with  silk ;  or,  as 
in  the  case  of  water,  which,  being  deprived  of  a  portion  of  its  heat, 
becomes  a  solid,  or,  by  an  increase  of  heat,  is  changed  to  steam  or 
vapor,  when  again  it  returns  to  the  earth,  as  dew,  mist,  rain,  hail,  or 
snow,  and  so  back  to  its  liquid  form.  But  wat^r,  through  all  these 
changes  of  state  and  position,  is  still  the  same  substance,  having  lost 
none  of  its  proi^rtieft 

3.  laght,  heat,  and  electricity.— These  may  be  considered 

agents  or  forces  connected  with  or  growing  out  of  the  changes  of 
matter,  jjliysical  or  chemical,  or  both.  Or,  as  most  generally  belieTed, 
they  may  depend  on  the  existence  of  certain  hypothetical  fluids,  or  on 
the  vibrations  of  an  assumed  ethereal  medium. 

As  these  fluids,  forces,  or  agents,  are  without  weight  and  other 
seusible  properties  of  grosser  or  denser  matter,  they  are  termed  im- 
ponderables.   These,  as  it  were,  are  the  life  and  spirit  of  matter. 

^,  Atoms. — There  is  a  difference  of  opinion  about  the  ultimate 
constitution  of  matter.  The  general  belief  is,  that  matter  is  formed  of 
ultimate  2farticles,  which  are  movable,  solid,  impenetrable,  and  so  hard 
as  never  to  wear  or  break  in  pieces;  having  a  certain  definite  size, 
figure,  and  weiglit,  which  they  retain  unchangeable  through  all  their 
various  combinations.  These  arc  called  alonia, — signifying  that  which 
cannot  be  divided.  Their  sizes,  in  different  elements,  arc  supposed  to 
vary,  though  the  largest  of  them  are  ittconceivably  small ;  and  their 
forms  may  be  very  various,  though  considered  to  be  generally  globular. 

^.  Molecules. — The  term  molecule  (a  little  mass)  is  more  com- 
monly applied  to  wiiat,  in  chemistry,  are  termed  divisible  atoms;  that 
is,  to  a  group  of  two  or  more  atoms  of  different  elements;  as,  for 
instance,  a  molecule  of  water  is  composed  of  at  least  two  atoms,  one  of 
cxygen  and  one  of  liydrogen,  forming  a  chemical  compound. 

However  small  the  various  ultimate  atoms  are,  their  oval  form 
affbrda  space  around  about  and  between   them;  while  molecules  are 
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snppoeed  to  toach  each  other,  if  at  all,  only  at  a  few  pointa,  thus 
affording  interspaces  larger  than  their  own  bulk,  which  accounts  for 
the  two  genenJ  properties  of  matter,  termed  compresaibilify  and 
expajmbility. 

6,  The  properties  of  matter  are  ^neral  or  specific.— 
Gold,  for  example,  occupies  apace  and  possesses  weight,  so  also  does  all 
matter,  whether  solid,  liquid,  or  gaseous ;  hence  these  proiierties  are 
general  But  its  color,  lustre,  crystalline  form,  and  other  peculiarities 
Uist  distingaisb  it  from  other  substances,  are  specific  properties. 

7,  Physical  and  chemical  properties  of  matter.— The 
chemical  and  physical  changes  of  matter  (3)  above  described,  corre- 
spond to  its  chemical  and  pliyeical  properties.  The  specific  properties 
of  gold  depend  solely  upon  its  physical  qualities.  Density,  lustre,  color, 
form,  malleabihty,  and  its  high  point  of  fusion,  are  all  qualities  of  gold 
which  can  never  be  lost  without  an  essential  change  of  its  nature,  and 
are,  therefore,  termed  physical  properties.  Exposed,  however,  to  the 
action  of  chlorine  and  certain  other  agents,  gold  loses  its  specific  iden- 
tity, and  becomes,  as  it  were,  a  new  substance,  while  the  same  change 
passes  equally  upon  the  agent  by  whose  efficiency  the  transmutation  is 
effected,  thus  destroying  the  essential  specific  identity  of  both  su))- 
stances.  These  changes  are  the  result  of  chemical  affinity,  which  de- 
pends upon  the  chemical  properties  of  matter. 

8,  Physics,  or  Natural  Philosophy,  and  Cihemistry.— The 
foregoing  fundamental  distinctions  between  the  physical  and  chemical 
charges,  and  between  the  physical  and  chemical  properties  of  matter, 
show  the  distinction  between  Natural  Philosophy  and  the  science  of 
CSumisiry  y  but  as  all  substances  possess  both  physical  and  chemical 
properties,  it  is  evident  that  a  thorough  acquaintance  with  either  of 
these  branches  of  knowledge  involves  some  familiarity  with  the  other. 

The  object,  then,  of  Natural  Philosophy,  or  Physics,  is  the  investi- 
gation of  the  general  properties  of  unorganized  bodies,  and  of  their 
action  on  each  other. 
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CHAPTER    II. 

DEFINITIONS   AND   GENERAL  PROPERTIES  OF   MATTER. 

The  essential  properties  of  matter.— These  are  mtynUude, 
or  exfeii&inn,  uiid  biijienefrubUifij. 

9.  By  magnitude,  or  extension,  is  meant  the  property  which 
every  body  possesses  of  occupying  a  portion  of  space.  The  amonnt  of 
space  occupied  is  termed  its  volume.  Every  body,  however  small,  has 
three  dimensions— length,  breadth,  and  tluckness. 

10.  By  impenetrability  is  meant  that  property  of  matter  which 
renders  it  impossible  for  two  separate  bodies  to  occupy  the  same  space 
at  the  same  time.  Some  bodies,  like  air,  may  be  compressed  almost 
indefinitely,  but  the  power  required  to  do  it,  becomes  the  evidence  and 
the  measure  of  its  impenetrability.  A  nail  driven  into  wood,  or  a  stone 
dropiK'd  into  water,  or  a  ball  thrown  through  the  air,  are  instances  of 
displacement,  and  not  penetrability. 

Secondary  or  accessory  properties  of  matter.— These  are 
Divisibility,  Compressibility.  Expansibility,  Porosity,  Mobility,  Inertia, 
Indestructibility,  and  Attraction. 

22.  Divisibility. — By  divisibility  of  matter  is  meant  that  a  body 
may  be  divided  into  two  parts,  and  that  these  parts  may  again  be 
divided  into  other  parts,  and  so  on,  until  the  parts  become  infinitesi- 
nnilly  small.  Suppose  a  bit  of  marble  (carbonate  of  lime)  to  be  thus 
divided,  and  when  the  smallest  imaginable  particle  has  been  reached, 
it  can  be  still  further  divided  by  chemical  decomposition  into  three 
elements:  first  into  carbonic  arid  and  lime,  then  the  former  of  these 
into  carbon  and  oxygen,  and  the  latter  into  calcium  and  oxygen. 

Some  idea  of  the  extreme  divisibility  of  matter  may  be  obtained  by 
the  fact  tliat  a  single  gniin  uf  musk  will  scent  a  large  hall  for  many 
voars  and  lose  no  appivciuble  part  of  its  weight.  Again,  many  kinds 
of  animalcules,  as  well  adapteii  to  life  as  the  largest  beasts,  are  80 
.<mall  that  hundreds  of  thousands  might  swim  side  by  side  through 
the  eye  of  a  small  needle  :  yet  each  of  these  is  a  fully  organized  being. 
lluw  minute,  then,  must  be  the  particles  of  the  elements  that  chemi- 
cally combine  to  nmke  the  compound  substances  out  of  which  their 
organs  are  built  up  I 
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is.  Oompressibillty. — Comprcjutibility  u  owing  to  porofitj-  Af 
nuUter.  Dimiiiutinn  uf  volnme  in  solids,  by  mecliunical  means,  and 
\rf  Ion  of  hear.  H  h  Tiict  well  knovn.  Gveu  columus  and  orcliefi  of 
aSow.  fliipiHirting  heiivj  loads,  ore  fuiind  to  eensibt}-  diinintah  Inr 
prewnra  alone  Mutjils  are  cuin|irL-»>cd  by  tuunmering.  (.-ompreaai- 
'  ':'  <  of  Ikioids  and  giues  will  be  alludiHl  (o  under  the  head  of  hjdro- 
*  and  pnvumuties. 

IS.  Expanaibillty.— Exponsihility  and  contraction  of  all  bodies 
liy  ebaiip*  uf  tempcratnni  (hpat  and  cold)  ia  ■  fact  snffirientlv 
fatniliar.  Upon  thU  (iroperty  of  matttr  is  batted  llie  conBtmotion  of 
hmtramontfl  for  reading  changea  of  temperature.  Thui  Bobjcct  will  be 
ifaio  refcrivil  to  aiidt:r  thi;  beatl  of  heat. 

t^  Poro«ity— Phy»ical  Pores.— The  ftiou  oonnKU-d  with  the 
DOmpmBibility  of  mottt^r  and  '\xa  change  of  form  by  beat,  tndicat4> 
(twl  ib«  ultimati'  atonii^  (iissomed  to  t>c  nnchanjt^-abhv  4)  an;  not  in 
CDDtnut  (kv  Fig.  1 ).  The  spaoca  between  tlitm  are  called  phygiml 
jHirtMt  an  Uie  cxistt-nce  of  which  depends  the  property  of  portmittf. 
T  'lecnlar  or  plivaical  porea  an-  no  niorc  eengibk*  to  our  organs 

t  I  tUinu  UmmnvUvt,  aud  are  permeable  only  to  light,  heat,  and 

tircineity. 

Sensible  pores.— It  ia  important  to  disiingoiah  the  molecnlar 
pnrv«,  juKt  dv«cribi>d,  IVum  ibose  sensible  openings  which  give  to 
•crtain  inb^um-s  the  property  generally  known  as  porosity.  The 
pan*  of  organic  bodies,  aa  of  wood,  skin,  and  tissuea,  are  only  capil> 
bry  opcniDgn,  or  canals  for  the  ctrculattou  of  fluids. 

JS.  Mobility.— By  mobility  is  meant  the  snsceptibility  of  being 

set  in  moiioii.     Motion  it)  rtrngnizod  only  hy  mmpnnng  the  moving 

U-->1\  witli  (ktuie  oLhi-r  Uxly  at  r«.^/.     .Motion  and  rest  are  absolule  or 

'^     For  inetanciv  a  person  walking  on  the  deolc  of  ■  mo^-ing 

■'-in  to  change  hiff  place  in  reference  to  objects  on  the  dtrk. 

lbc«c  olij^-cii  are  in  motion  with   himself;  hence  hia  motion 

iaAoly  rtiaHrti ;  bnt  if  the  ship  is  at  rest,  then  his  motion  (referring 

:>     '  'it  obont  him)  is  ahmUttei.     All  the  motion  on  the  earth's 

>-  MTT,  tot  the  reason  that  the  globi.*  itaolf  has  at  least  two 

motkMw;  one  around  itii  axli  and  the  other  around  (he  sno. 

t<..t  ,,  K.4.  ^i,gn  jiie  body  really  occnpics  the  Bame  point  in 

wb>-n  it  remains  the  eanu-  apimrcnt  distance  from 

AW  floT,  but  whicli  apt>ear  to  bv,  at  rest. 

...;...,...  ,  .,..,.  _- (^  up  a  river  at  the  nue  of  five  miles  an 

:i 
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hour,  while  the  water  flows  at  the  same  rate  in  the  opposite  directioii, 
will  appear,  to  persons  oa  its  deck  and  on  the  river-bsJiks,  to  be  at  rest 
Strictly,  there  is  no  absolute  rest  There  is  not  an  atom  of  matter 
in  absolute  rest  throughout  the  boundless  expanse  of  space.  The 
earth,  and  all  tho  other  planets,  and  all  their  satellites,  reTolye  around 
their  own  centres;  and  the  moons  around  the  planets;  and  all  these 
around  the  sun ;  and  the  sun,  with  all  these  planets  and  moons, 
together  with  other  solar  systems,  around  some  more  central  sun ;  and^ 
probably,  so  on,  systems  around  system's,  in  masses,  and  at  diatances 
from  each  other,  and  with  velocities  that  astound  the  human  mindf 
and  exhibit  to  our  senses  the  infinite  power  and  wisdom  of  Qod. 

16.  Inertia.— No  particle  of  matter,  in  a  state  of  rest,  posfleBses 
iritliin  itself  the  power  of  putting  itself  in  motion  ;  or,  if  it  be  moring, 
to  bring  itself  to  a  state  of  rest.  A  body,  to  be  put  in  motion,  therefore, 
must  be  acted  upon  by  some  external  cause ;  or,  conTersely,  if  it  be  in 
motion,  it  cannot  cease  to  move  on  in  an  unchanging  direction  and 
with  an  unchanging  velocity,  without  the  application  of  some  oppoeing 
force.    This  passive  property  of  matter  is  termed  inertia. 

It  is  not  BO  apparent  that  bodies  in  motion  will  not  of  themselTes 
come  to  a  state  of  rest,  as  that,  being  at  rest,  they  will  not  of  themselTes 
more.  This  is  because  the  motion  of  all  bodies  on  the  earth  is  con- 
tinually opposed  by  friction  and  the  resistance  of  the  atmosphere, 
which,  in  a  longer  or  shorter  time,  wilt  bring  them  to  a  state  of  rest 
This  is  proved  by  the  fact  that  moving  bodies,  as  a  top  or  pendulum, 
will  not  so  readily  come  to  a  state  of  rest  in  a  vacuum  as  in  the  air ; 
and  by  the  fact  that  the  same  body,  as,  for  example,  a  revolving  wheel 
with  large  or  small  bearings,  under  otherwise  the  same  circumstances, 
will  continue  longer  in  motion  the  more  Motion  is  diminished.  The 
planets,  however,  not  being  influenced  by  these  or  other  obstmctions^ 
afford  examples,  and  the  only  examples,  of  constant  motion. 

1 T'.  Indestructitfility. — By  this  is  meant  that  matter  cannot  be 
annihilated.  Organized  bodies,  animal  and  vegetable,  can  be  reduced 
to  inorganic  substances;  and  compound  substances  to  simple  elements; 
and  simple  elements  to  various  forms,  from  solid  to  fluid,  and  firom  fluid 
to  gaseous :  but  the  ultimate  atoms  cannot  be  changed  or  destroyed  (4). 
Thc^  remain  forever  the  same.  For  e\ample:  A  ton  of  coal,  by  the 
force  of  heat,  may  be  doconi})osed  and  rwUioed  to  a  few  pounds  of  ashes, 
and  the  balanoo  of  its  weight  to  lai^  volumes  of  smoke  and  inTisible 
gas.  but  the  aggregate  weight  of  the  products  will  equal  the  weight  of 
the  coid.  Xot  one  of  the  atoms  that  composed  the  coal  is  ehangedf  iost, 
or  destroyed.    This  is  the  case  through  all  the  ceaseless  motions  ami 
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intic  vAriui^  of  forms  which  matter,  acted  apon  by  the  /orcea  of 
uatnrc.  is  made  to  pass. 

2S.  Attxactioii. — There  are  Beveral  kind*  of  attraotion,  namely, 

traviiati'oH,  cohesion,  adhesion,  capillarity,  ajiniti/,  taxA  magnetic  and 
trie  attraction. 
Attraction  of  gravilalion  ia  tliat  force  or  form  of  attraction  by  which 
ail  Itodies,  at  sensible  distmieea,  tend  to  approach  t.>ach  other.  By  thin 
every  atom  of  matter  in  tb«  universe  attracts  erery  other  atom. 
Terrestrial  gravitation  Is  that  manifestation  of  gravitation  which 
draws  all  bodies  on  the  earth  toward  ita  centre. 

Aitnu'iion  which  takes  place  only  at  inwnfliblo  tligtances  ia  termed 
ieeular  attraciion.    Of  this  there  arc  four  kinds: 
^Ist.  Cohesion,  which  binds  together  the  atoms  and  molecules  (4)  of 
itter.    It  is  this  force  which  binds  together  the  atoms  of  iron,  and 
)lds  together  the  moleculett  of  water,  to  form  bodies  or  masses. 
[Id.  Adh«*ion,  which  exists  between  unlike  atoms  or  particles  of  mat- 
r,  when  in  simple  contiict  with  each  other. 

Sd.  Cap\U»rity,  which  exists  between  liquids  and  tubes,  or  sensible 
pores  of  matter, 
4th.  Affinity,  which  unites  atoms  of  unlike  substances  into  com- 
rands,  possessing  new  and  distinct  properties  (1  and  2). 
Uagnetic  and  electric  attraction  will  be  alluded  to  hereafter. 

19.  Varieties  of  motion.— lat^  Translatiotiy  or  direct  motion,\ti 
vVicli  all  the  points  of  a  body  move  pAralld  to  each  other;  2d,  rota- 
lion,  as  of  a  wheel  on  un  axiii,  where  the  different  parts  of  a  body  move 

In  tlie  some  time  in  different  directiona ;  3d,  a  combination  of  tronsla- 

Itioo  ud  rotation,  aa  in  the  motions  of  the  p1anet«. 

30.  Porcee. — By  force,  as  used  in  mechanics,  is  meant  any  oatise 
pMoring,  or  modifying,  motion.  In  this  wnsc  all  known  forces  have 
llwir  origin  in  tliree  caiisHs:  let,  graviiation  (or  the  mutual  attraction 
or  boijit-tf  for  each  other);  3d,  the  unknown  cause  of  the  phenomena 
rf'tjAr,  heat,  and  eiedricity  ;  and.  3d,  li/e^  qi  the  mysterious  agency 
P'X'dnoing  motion  of  animals. 

2i.  Momentum.^The  momentum  of  n  body  is  its  amount  of 
"Wtion,  or  i\M  tendency  to  continue  in  motion,  and  it  is  equal  to  the 
■Wor  Weight  of  the  body  multiplied  by  ita  velocity. 

t$.  Cohesion  and  repulsion.— These  are  two  opposing  prioci- 
lur  fomes  inherent  in  the  atoms  and  molecules  of  matter,  termed 
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molecular  forces.  These  aro  either  attractive  or  repulsive,  drawing  the 
particles  of  bodies  toward  each  other,  or  tending  to  separate  them. 
Though  this  attractive  force  (termed  cohesion)  draws  the  particles  to- 
vxtrd  each  other,  it  is  not  supposed  they  come  into  actual  contact,  being 
prevented  from  doiug  so  by  their  mutual  repulsion.  It  is  this  that  ac- 
couQta  for  the  insensible  or  physical  pores  (14),  existing  between  the 
atoms  and  molecules  of  all  matter. 

^3,  Belation  of  cohesion  and  repulsion  in  the  three 

states  of  matter.— Matter  exists  in  three  states  :  the  solids  liquid^ 
and  gaseous.  In  solids  the  attractive  force  greatly  overpowers  the  re- 
pnlsive,  holding  the  particles  in  a  relatively  fixed  position  at  certain 
distances  from  each  other.  Heat  will  increase  the  power  of  repulsion, 
and  cold  (decrease  of  heat)  will  diminish  it ;  hence,  by  varying  the 
heat  of  a  body  its  size  can  be  sensibly  varied,  which  is  the  result  of 
altering  the  distance,  and  size  of  the  pores,  between  the  particles. 

In  liquids  or  inelastic  flaids  these  two  forces  are  in  perfect  eqnilib* 
rium,  which  leaves  the  particles  to  move  with  perfect  freedom  among 
themselves  (88  and  90), 

In  gases  or  elastic  fluids  the  repulsive  force  holds  sway,  which  causes 
the  body  to  dilate,  unless  confined  by  external  force  (91).  Liquids  and 
gases  as  well  as  solids  are  contracted  and  expanded  by  variations  of 
heat 

^4-  ^  structure  in  solids  is  meant  relative  disposition  of 
their  atoms  and  molecnles  or  their  groups.  This  structure  may  be 
either  symmetrical  or  regular,  as  in  living  beings  and  crystals;  or 
amorphous,  as  in  most  rocks  and  many  other  substances. 

There  is  a  formative  force  or  principle  pervading  or  inherent  in  all 
matter,  disposing  or  arranging  its  atoms  and  molecules  and  their  groaps 
in  definite  forms.  In  the  organic — vegetable  and  animal — kingdoms 
this  force  or  principle  is  termed  vitality ;  and  forms  thus  produced  are 
mostly  bounded  by  curved  lines  and  surfaces.  In  the  inoiganic  or  life- 
less world,  different  formative  forces  or  principles  govern  the  arrange- 
ment of  particles;  forming,  under  favorable  circumstances,  bodies 
which  are  angular  and  bounded  by  plane  faces.  Such  bodies  are 
termed  crystals  ;  and  their  geometrical  forms,  thus  produced,  are  anal- 
ogous to  the  more  complicated  forms  found  in  animal  and  vegetable 
life.  The  formative  principle  in  inoiganic  bodies  is  easily  or  often 
interrupted,  which  accounts  for  so  many  irregular  forms  of  crystals. 
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THE  CUAEACTKBISTIO   PKOPEBTJES   OF  SOUDS: 

Some  of  these  depend  upon  the  atomic  stnicturo  of  the  material ; 
sBt  CtTStalline  form,  ElaaticJty,  liesistiince,  and  Unrdness;  and  otbera 
upon  a  permanent  change  in  the  arrangement  of  the  molecalea ;  as. 
Malleability,  Ouctilit;,  Temper,  eto. 

25.  Crystalline  form.— The  molecnles  of  certain  gubstances, 
■when  left  IVtt-  lo  taoM-  among  IhcmacWea,  by  meana  either  of  s<ilution, 
fnsion,  snblimatiun,  or  electrical  or  chemical  decumpoailion,  vill  be 
acted  u])on  by  the  force  of  cn'etallogenic  attraction,  aud  thereby  be 
united  into  solids  or  masses  of  certain  definite  and  nniform  shapes, 
termed  crj'stals — each  Eubetunce  yieldiug  iU  own  peculiar  form. 

2G.  Elasticity.— This  is  that  property  of  matter  which  di«po»eB 
it  to  resume  its  originAl  form  or  shape  after  hnring  been  bent  or  com- 
preaaed  by  some  external  force.  It  is  not  so  much  a  distinct  property 
of  matter  as  it  is  a  pbenomeuon  of  attmotireand  repulsive  forces.  Dif- 
ferent bodies  possesii  this  property  in  very  different  degrees. 

When  elasticity  takes  place  in  the  direction  of  the  length  of  the 
body,  as  a  wiiv,  it  ie  termed  eiasticUy  of  tension  and  compression  ; 
wh«Q  in  a  direction  transversely  to  the  body,  as  in  the  case  of  a  bent 
beam,  it  is  termed  elaHicittj  of fifxure  ;  and  when  a  body  is  twisted  t^ 
a  force  applied  atone  end  while  the  other  extremity  is  Hxed,  it  is  called 
ebistieily  of  iortttoiu 

The  liniil  of  ehaticity  of  any  body  (vrhaterer  be  its  substance)  is 
reacfied  when,  if  the  applied  furce  ceases  to  act,  tbe  body  will  fail  to 
come  back  to  its  original  position.  If  the  force  acts  beyond  the  limit 
of  elasticity,  the  molecules  are  forced  into  new  relations  with  each 
other,  and  the  body  is  said  to  have  been /or<x^. 

B7.  Iteeistanoe  to  fraoturei  or  tecacity,  is  that  property 
which  resists  separation  of  tlic  particles  longitudicaUy  or  trausvensely. 
and  gives  strength  to  miiU-riaU,  and  dejKMidB  iii»on  tlw  force  of  cohesive 
utlniction,  which  varies  greatly  in  differeut  substances,  according  to 
tlie  nature  of  tbe  atoms  or  molecules  compo^ng  them. 

28.  Hardness  is  that  property  in  virtue  of  which  the  particles  or 
bodies  resist  impression,  or  the  action  of  any  force  (hat  tends  to 
change  their  form.  Hence,  a  body  whose  particles  can  be  easily 
changed  in  their  relative  {xwition,  by  slight  forces,  is  said  to  be  soit ; 
therefore,  softness  is  the  opposite  of  hardness.  Ilardnoas  does  not 
Imply  density;  for  eJianiple,  lead  is  more  dense  but  softer  thim  iron. 
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B9.  Malleability  ia  the  property  of  being  wrought  under  the 
hammer,  and  belongs  to  many  of  the  metals  in  an  eminent  degree ; 
and  upon  it  largely  depends  their  utility.  The  moat  malleable,  in  order 
of  softness,  are  lead,  tin,  gold,  zinc,  silver,  copper,  platinum,  and  iron. 
But  gold  may  be  beaten  thinner  than  any  other  metal.  It  can  be 
hammered  so  thin  that  the  thickness  of  a  million  leaves  will  be  leas 
than  an  inch. 

30.  I>actiUty  is  the  property  in  virtue  of  which  a  substance 
■admits  of  being  drawn  into  wire,  which  is  not  altogether  unlike 
malleability ;  yet  there  is  a  marked  difference,  as  shown  by  the  fact 
that  the  most  malleable  are  not  the  most  dnctile  substances.  Tin  and 
lead  are  highly  malleable  but  not  ductile,  as  they  cannot  be  drawn  into 
fine  wire ;  while  gold  is  both  very  malleable  and  ductile ;  having  been 
drawn  into  wire  so  fine  that  one  ounce  of  it  would  extend  fifty  miles. 

31.  Flexibility  and  pliability  are  those  properties  which  per- 
mit considerable  motion  between  the  particles  of  a  body  without  their 
passing  beyond  the  reach  of  their  power  of  cohesive  attraction.  Bodies 
of  this  kind  are  not  easily  iroiten.  These  properties  differ  from  elas- 
ticity in  that,  that  elastic  bodies,  within  their  limits  of  elasticity,  re- 
sume their  original  form,  while  with  flexible  bodies  the  original  form 
is  not  resumed. 

SB.  Brittleneas  is  the  property  which  renders  bodies  easily  broken 
into  fragments.  It  is  the  characteristic  of  most  hard  substances.  In 
a  brittle  body  the  attractive  force  between  the  atoms  or  molecules 
exists  within  such  narrow  limits,  that  a  very  slight  change  of  position, 
or  increase  of  distance  among  them,  ia  sufficient  to  overcome  it,  and 
the  body  breaks. 

33.  Eardeningr  and  annealing.— Some  bodies,  as  steel  and 
iron,  by  being  brought  to  a  high  temperature  and  then  suddenly  cooled, 
by  plunging  into  cold  water,  oil,  or  mercury,  will  become  very  hard. 
This  is  called  tempering,  and  the  hardness  is  supposed  to  be  caused 
by  thus  producing  a  slight  change  in  the  relative  position  of  the  atoms 
or  molecules  of  the  substance.  Some  substances,  as  bronze,  are  hard- 
ened by  being  hammered,  and  others,  as  zinc  and  iron,  by  being  rolled. 

It  is  singular,  however,  that  heating  and  sudden  cooling  should 
harden  some  substances,  as  steel,  while  other  substances,  as  copper, 
will  be  softened  by  the  same  process.  This,  probably,  is  owing  to  the 
&ct  that  beat  and  cold  do  not  produce  the  same  changes  in  the  relative 
position  of  the  atoms  in  the  one  substance  that  they  do  in  the  other. 
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34'  Welding  is  the  proceu  of  aniting  the  atoms  of  substances. 

iron  to  iron  or  iron  to  steel,  by  pohesive  attraction,  which  is  accom- 

"pliabiil  bv  h:imm('nng  fhem  together  when  at  a  hij^h  temperature. 

whicrh  brings  the  imrticles  so  olose  together  that  Lhey  are  brought 

within  the  reach  of  their  cohesire  toroo. 
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ATtRACTIQX. 
Uoleculor  Attraotion. 

S^.  ^gure  1. — Interstices  between  atoms   and  mola- 
of  matter.— Tho  three  ditftTent  eizcd  balls  or  spheres  iu  the 
DtujT  represent  boditt  of  matter,  as 
bnllotH.  and  shot,  or  as  apiil'.-^. 
comintfl  ;  or  they  may  reprea-ut 
or  molKuUi  (4)  of  matt«r,  which  yary 
dnvns  tbofle  of  water,  salt,  and  sugar. 
If  a  Tess^l  he  filled  as  fuU  as  possible  with 
watnr,  oonsidcmbli'  salt  may  be  put  into  tho 
t\  without  diaturbiug  the  water,  and  then 
^qnantity  nf  augur  can  be  introducwi  with- 
the  water,  which  may  be  Be- 
lli... :. .   .>y  supposing  the  molecules  of 
Torioos  snbstancfs  to  be  spherical  and  of  different  sises,  and, 
nbably,  not  in  abeolnta  contact  (33),  as  shown  in  the  Sgure. 

\3(i.  Figure  2.— Cohesive  attraction.— Cohesion  is  the  force  of 
I  which  liolds  iitunis  mid  inolfciiles  of  the  same  bodjca  to- 
j^,  for  example,  a  mass  of  stone,  iron,  or  wood^ 
Tliia  figure  rqireseuts  two  hemi* 
lewii  uf  lead,  with  their  flat  sur- 
I  made  very  smooth,  and  joined 
teftrlhvr    by    ^rmty   rubbing   one 
he  oth«r. 

,9  be  fiusteiicd  to  the  side 

and  an  i,>irnrt  made  to 

leae  hemiflpherrs,  it  «il1 

lod  that  more   than   Gftecn 

}f  '  the  oqiuin-  inch 

ir:...  t'en  th«m  (which 
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represeaU  the  atmosplieric  pregsnrc)  is  rcqaired  to  draw  them  aeuudcr; 
thus  proving  ilioy  aiv  held  tugi'ther  by  coheeive  attraction.  Other 
smooth  substances  preseat  the  siune  pbcnomcua,  but  with  dilTercnt 
d«gix'(.'8  uf  inUaaity.  Cohesiou  can  he  ebowa  iudependent  of  atmo- 
spheric pressure,  by  separating  the  hcmiaphen;^  in  the  racuum  of  au 
air-pump. 

S7'  Figure  3. — Adhesive  attraction. — This  forc«  of  attraotirtn 
is  that  H'biub  holds  the  moU'Cult-s  uf  dissimihir  bodies  together,  aud 

is  termed  adhesion.  It  is  Bdhesiun 
that  holds  vtnA,  glue,  aud  pftitit 
together,  and  Ciiii6«-j)  liquids  to  ad* 
horc  to  golidfl. 

Let  L  be  a  disk  of  glass  or  m^tal, 
counterpoised  by  a  rK'Jile-pan,  »nd 
50  adjusted  that  the  dlek  ttUI  just 
tuuch  tht>  surface  of  the  liquid : 
then  place  in  the  scale-pan  jnstsnf- 
Gcieut  freight  to  separate  tht;  disk 
Trum  the  liijiiid,  and  this  will  imli- 
cate  the  measure  of  adhesion  be- 
tween them. 

The  expenment  will  also  indicate  the  foruc  uf  cokMwn  among  the 
particles  uf  liquid,  which  is  stmiewhat  leas  than  the  adhesion  betwora 
the  liquid  and  solid ;  for,  wei-e  it  not  less,  theu  iione  of  thv  liquid 
Would  adhere  to  thu  disk  and  Lhus  bu  separated  (1*001  itself,  aud  the  disk 
vould  Come  up  dry.  The  force  of  cohesion  is  not  Uio  same  in  all  liquids; 
that  of  alcohol  and  turpentine  being  but  little  more  than  half  as  intense 
as  that  of  wnwr. 

38.  Figure  4.— A  few  phenomena  of  capillarity.— Capil- 
lary forces  arr-  molecular  farces  exerted  between  liipiids  aud  tubes,  OT 
liquids  and  nendibU'  pores  of  bodies  (14). 

If  tubes  of  small  bore,  oj^-n  at  both  ends,  are  phiccd  vertically  in 
water,  the  liquid  will  x\m  both  in  the  tubes  aud  on  the  outside,  as 
shown  at  H  and  J  ;  rising  higher  within  as  the  lubes  are  smaller,  as 
seen  at  J.  If  the  tube  is  over  half  an  inch  tn  diameter  the  effect  is 
barxlly  obscrvebte;.  If  mercury  is  employed  (which  does  not  wet  the 
gliiKs)  there  is  a  depression  of  tJie  surface  of  the  liquid,  both  wilhio 
and  without  the  lube,  as  exhibited  at  Y ;  and  this  becomes  greater 
as  the  tubes  are  smaller.  In  a  greased  tube  water  is  similarly  tie* 
pn'Ssed. 

These  phenomena  aK  independent  of  atmospheric  preasnre;  taking 
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eqnallf  m  aracnam  or  comproawd  air.    Thej  rury,  1inwr-ri>r.  uii1i 

mni^-rial  uf  the  tube  and  with  th^  nature  of  the  lii^iud. 

TK«  allmctinn  and  iv-piiUion  observed  b^'tweon  Iig)it  bodies  flrmtiti^ 

liqiiiilH  ia  due  tit  caj)illiuitv.     The  floaiiiig  lutdic-s  um  dniwn  nrar  i« 

Db  nthtT,  either  wh<^n  buth  are  or  un>  not  moistened,  u  at  h  mid  P» 

)d  rvpi'llcd  if  i\w  liquid  wt^ls  ouly  one  of  thenif  lu  at  IL    At  h,  both 

Pia.  4 


beiDg  moistened,  the  liquid  rises  (by  capillarity)  higher  between 

Ob  the  ouUidtf  of  Ihcm,  which  act«  a^  a  loaded  eonl  to  draw  them 

:   whilu-  at  P,  hnth  Hulls  bfin;;^  dry,  the  water  is  depn-s^ed  lower 

:.  niiui  outside  of  them,  which  causes  them  to  ho  croteded  to* 

At  B,  Ode  hull  bolog  ycvi  and  thn  other  dry,  csusea  the  watvr  to 

lund  one  and  to  b«  deprpased  an>iind  the  othiT,  which  effectji, 

icd,  build  up  nn  inrlined  plane  butweuD  them,  uud  thus  they  are 

)C  ai«rt.  u  fihuwa  in  the  Sgun;, 


Oravitatioxi. 

\3i)»  Oravitfttion. — The  attraction  orcoh««ioo,  a«  hufl  hc«n  fthoim, 
tUe*  p*rticiei  of  mutter  into  maaaes  or  bodies,  and  the  attraction  of 
kvi!  •  iidj  to  draw  these  masaei  together  to   form  bodico  at 

.  -.'ioDa. 
Waight. — ^The  fall  of  a  body  to  the  eiLrth,  and  its  dovuirard  ptv« 

ir\  "  '  "  I"  due  to  the  forc<*  of  gravity  ;  and  tiM 

lu'.  thf  (ffi';?*/ of  ti>e  Iwdy. 

Figure  fi.— Oentre  of  ptivity  of  bodies.— Tho  oontn 
hilly  ..f  :(  Imily  ji>  lliat  pumt   lliiimgh  which   the  dirpttion  of  the 
Ftj^t  al«u)i  jiaiOn*,  and  thi«  poinc  cuinciilus  with  the  centre  of  in* 
lliv  ligurv  ikuw*  that  wbun  two  ur  more  bodlv*  ftif  oonnccted 
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together,  they  may  be  re- 
garded us  one  body,  baring 
but  one  centre  ofgmvity.  If 
the  rulcrum,  T,  8Upport«  the 
centre  of  gravity  of  the  two 
bodieB,  they  will  remain  at 
refit;  and  this  point,  if  tlie 
btnlit-s  arc  of  cqnal  weight, 
will  be  in  the  middle  of  the 
line  which  unites  them 
(measuring  from  the  sejuimte 
centres  of  gravity) ;  but  if  they  be  of  unequal  weight,  the  centre  of 
gravity  will  be  as  much  nearer  the  heavier  body,  Ai  tbc  heavier  exceeds 
the  liglik-r  one  in  weight. 

A  prop  that  sn]i|>ort3  the  centre  of  gravity  sapporta  the  whole  body, 
which  may  be  applied  directly  nt  the  centre  of  gravity,  or  immediately 
above  or  belom  it,  oq  the  line  that  points  to  the  earth's  centre  of 
gravity. 

A  body  is  ia  a  state  of  equilibrium  when  its  weight  is  complet«lj 
coantei'Hcted  by  supporting  the  centre  of  gravity. 
There  are  three  kinds  of  eciuilibrinm;  strihle,  vnstahf)',  and  neutral 
A  body  is  in  atable  equilibrium  when,  on  being  alightly  disturbed 
fVom  its  Ktate  of  i-cst,  it  iende,  of  itself,  to  return  to  that  state.    A  rock- 
ing-chair ia  a  case  of  this  kind. 

A  body  is  in  unstable  etjuilibrium  when,  ou  being  slightly  disturbed 
(Vom  its  stuteof  rest,  it  does  not  tend  to  return  to  tliat  state,  but  con- 
tinues to  depart  from  that  state  more  and  more. 

A  body  is  in  a  neutral  equilibrium  when,  on  being  slightly  disturbed, 
it  hafl  no  tendency  oither  to  return  to  its  former  state  or  to  depart 
further  from  it  The  last  two  kinds  of  eituilibrinm  are  iUustratcd  by 
Pig.  7  (42.) 

^1.  Flpire  6.— Method  of  flndingr  the  centre  of  gravity 

V'i'-i.  6.  of  irregular  shrt])i-d  bixlies.     Let  the  ob- 

ject be  freely  Bnejjended  from  some  point, 
as  I!,  and  the  cuntrct  of  gravity  will  fall 
into  the  vertical  line  HV  (marked  by 
plummotand  line).  If  now  the  body  be 
freely  snspetidcd  from  some  other  point, 
as  T,  the  centre  of  gravity  will  again 
full  into  the  vertical  line,  which  (being 
niark<Hl  by  the  plumb-lino  TL),  will  Iw 
found  to  croes  Ibe  lin»  HV  ;  therefore. 
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centre  of  grari^  Till  be  at  the  intcrsectiou  of  tbcae  two  lines,  fur 
it  cannot  be  in  both  lines  at  any  othiT  point. 

j^2.  Figure  7.— Neutral  and  mutable  equilibrium  iUuS' 
trated  with  a  wheel  or  bull  on  a  hori»)iiUil  and  inclined  plune. 

If  the  plorob-line  from  the  centre  of  the  wheel  or  ball  (which  is  the 
centre  of  gravity)  be  drawn,  it  will 
pass  throagh  the  base  or  point  on 

Bhidi  it  rc«t4  on  the  horizontal 
lane  N,  which  gnpports  the  body 
from  moTiDg.  This  will  be  the  case 
whichever  side  up  the  ball  may  be. 
or  ou  whatever  point  of  the  plane  it 
may  be  plac<-<l,  affording  an  illitstrft- 
Uon  of  ntutral  cquilibrinm. 

If  the  horixonUU  plane  be  romored. 
lad  the  ball  allowed  to  bear  upon  the 
iiwUD«d  plane  T.  Ibo  point  of  ooulaci 
'U  l«ck,  or  at  one  side  of  the  plnmb- 
liDf,  which  deprives  the  centreofgrar- 
Ujbfits  vertical  support;  therefore,  in 

Mteh  vf  support  it  will  b^in  to  fall,  and  continne  to  descend  in  (he 
diiMtitin  of  the  dott«i  line  L,  which  ia  parallel  to  the  inclined  plane. 

Ibis  lignreaUo  sliowa  that  the  reason  why  a  wheel  or  ball  is  so  easily 
moved  over  a  horisontol  plunc  is,  because  tlie  centre  of  gravity  is  not 
fitvated  by  the  movement.  If  the  ball  be  rolled  along  the  plane  X.  the 
ORitreof  gravity  will  pass  along  the  dotted.  horiKOutal  hue  V,  which 
neither  risea  nor  fiiUs. 
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43.  Fignire  8.— Stability  of  bodies  depends  upon  the 
pMltion  of  the  centra  of  gtsrr- 

Ity.— Suppoeo  tliu  diiignim  tu  reprc- 
•Bt  ft  cube  of  wood,  iron,  or  stone. 
*i'Ii  its  centre  of  gravity  tudicated 
''T  the  dot  at  the  centre. 

I'lace  one  foot  of  the  divider^  at 
^  lower  left  hand  corner  of  the 
cube  and  Uic  other  at  the  centre 
^  graifity,  and  draw  the  curved 
uotU'd  liDu,  and  with  a  rule  draw  the 
giu  dotted  lioriKuntul  Hue;  and 
'^(iisiaoce  betwL-en  tlies>^  iwu  lines, 
"their  intersection  with  the  surface  of  the  block,  will  wjuul  the  vertical 
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distance  that  ihe  centre  of  gTaritT^  or  the  weight  uf  the  bodj,  man  be 
L>levat«d  in  order  to  orerturn  the  blook. 

^.  Figure  B.— Relative  stability  of  oubea  and  pyrs- 

midfl. — Ll-I.  tlio  altitudi'  und  bue  U 
*°'   '  tbv  pyramid  be  Uiu  Fame  at  tli'XQ  of 

the  above  cube,   with   the  oentn  *i 
^'mvity  indicated  by  a  '  •  ii 

oni'-tbird  of  the  distai  a« 

\o  the  apex.  Tbc  Bf»ot'  1$,  it  wiQ  k» 
Fcen,  bt-tw^n  thu  two  dnttcd  HdcL  ta 
much  j^at«r  than  in  the  pnrnau 
figiirc ;  showing  that,  ufi  the  oentfv  xA 
gravity  ia  the  pyramid  is  nvaa  tla 
1^1190  Ihau  in  ib<>  cube,  tlie  weijffat  iv 
<)iiirr.-«  to  be  elevated  a  greatt^  venial 
diataaoe  in  order  to  br  pti«M<<!  over  ttit 
3gc  of  the  boK ;  hence  tbe  pyramid  has  greater  gtaliillLy  t.hao  thf  Rsbc 
The  stability  of  any  body,  at  re«t, of  givpn  bulk  and  wti  nAi 

upon  buv  far  tbe  cvntrc  of  gravity  must  be  elevated  in  u:-.  :  \^^ 
it  over  the  edge  of  its  base  nearest  io  the  vertical  lint)  pauing  Uimu);!) 
\{a  uuntrv  of  gravity. 

^.  Figure  10.— Centre  of  grarity  of  vehicles. — SupfKai 
^e  Tcbick),  ^nelglitMl  with  lead,  to  be  moving  acroM  an  inclined  phuK. 

and  the  centre  of  gravity  to  be  at  b; 
then  the  line  of  direction,  sliuwo  tir 
the  arrow  on  the   right.  Would  faH- 
uicbiu  tht.<  base;  that  in,  betWMin  tbc 
wlie«-l8  of  the  vehicle,  in  which  oasi 
it  would  not  be  ovcrtnmed.    If  Its 
vehicle  were  loaded  witli  snch  nulc 
rial  as  would  bring  tlie  oen 
gravity  at  N,  it  would  nnt  be 
turned,  as  tho  lino  of  dttvction,  flho 
by  tlte  middle  arrow,  Htill  Ikl 
twecu  the  wheels ;  but  if  the 
were  lo  IVeighted  as  to  brinjc  tk 
centre  of  gravity  at  T. 
overturned,  Ixseauae  ilun 
direction    would    QUI    wilhimt    tki 
w  hiH-1^  or  iKise,  as  shown  by  thi- 
4111  the  k'fL 
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4(>.  Figure  1 1  .—Centre  of  grav- 
ity in  man. — Thr  <^i\\tv  uf  gniviij 
in  man  Iwliig  between  his  hips,  the 
tine  of  illreolion,  if  he  stands  vrvvU  will 
U\\  nilliin  }\i»  boao,  that  is,  bctwt-eu  his 
feeU  Bat  if  ho  carries  a  burden  he  will 
^JfwD  ill  the  (ippiMite  (lireciion  Tmni  it, 
'in  order  to  bring  thu  nv^uliaiit.  oenlre  of 
^rarit^r  at  hiouclf  and  burden  into  the 
Tcrticul  lint.'  piuHiug  down  between  hie 
feet,  u  shown  by  the  dott<'d  arrow ; 
othfTwifl*^  the  line  of  ilirection  would 
Inil  irtthont  the  biui^,  that  is,  outside  of 
hh)  haiit,  and  it.  would  be  imposBible  to 
piCTvut  himself  Irom  ialling. 

47.  Figrure  12.— Iiaw  of  inteu- 

of  ^tKvily.—Tht  forct  o/  ^rav 

fy  varien  tlirecdy  i'h  proportion  to  the 

quoMtity  of  auttter  enntaitifd  in  bodieit, 

^nnd  invfrsnl^  as  the  xquttre  of  the  dis- 

itttiff  imttriyn  thrm.  oieaaurlng  from  their  centres  of  {^vity. 

L«t  the  diverging  lines,  in  the  diagram,  rcprcsont  lines  of  attraction, 
Ifaen  the  small  parallelogram  formed  between  p*,^,  ^^ 

Fibem  at  the  earth's  eurface  may  represent  the 
foroe  of  grarity  at  this  point,  which  equals  I ; 
and  its  distance  from  the  centre  of  the  earth 
cqoaU  1.  [f  further  on.  at  a  distance  e(]nal 
to  a,  another  pBmlU-Iogmm  he  constructed  be- 
tween these  diverging  lines,  it  will  1h!  four 
times  as  large  as  the  smuli  one,  shown  by  the 
kdotled  diriaion  lines ;  and  if  at  a  distjtnce 
Ofiuol  to  3  a  jinntllelogram  be  drawn,  it  will  be 
nine  times  as  targe,  and  so  on.  Now,  as  there 
^i*  only  a  given  amount  of  attrsction  l>etwpen 
iCBO  diverging  line*,  it  follows  that  its  inteii- 
rity  diminitfufn  as  the  space  between  these  liue^ 
tertarpw  ;  and,  as  1,4,  and  9  am,  rcspertivflv , 
10  squares  of  1,  2,  and  3,  this  space  inc^e]l^>.'^ 
Ln  the  nme  ratio  as  the  square  of  tlio  dis- 
ic«  (JVom  the  earth's  centre  of  gravity)  iu- 

Tbis  Uw  is  stat«d  in  a  tabular  form  thus : 
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Conditiotu  AffectLu^  Terreitrisi  Oraviiy. 

^S.  Chravity  affected  by  altitude. — In  accordance  Trith 
law  of  iiltractiuii,  if  a  luUy  at  4,000  inik>s  from  the  centre  of  tlie  ear 
{wliicb  would  be  at  it^  surfact^)  weighs  1  puuud,  al  HfiW  miles  (tliat 
ii,  4,000  from  the  surfaoe)  it  would  weigh  ^  of  a  pound,  and  at  13,000 
miles  ^  of  a  ponnd,  and  so  on.  Hence,  bodies  weigh  slightly  leaa 
mountains  than  at  the  level  of  tha  sea. 

^9.  Gravity  affected  by  depression  below  level  of  the 
sea. — it)  pa^&itig  from  the  surface  to  the  centre  of  the  earth  the 
weight  d(;cr(;a:)e3  also — not,  however,  as  the  ^guart  of  the  distance,  but 
directitf  as  the  distance  increascfi  ;  for,  at  tlie  centre  of  the  earth,  the 
wt'ight  or  gravity  of  a  body  would  be  nothing,  aa  the  distance  from  the 
centre  of  gravity  is  nothing.  And,  in  this  case,  the  botly  would  be 
attracted  by  the  cai'th  equally  in  all  directions.  A  body,  therefore,  thai 
weighs  a  pound  at  the  surfac;^.  would  weigh  only  half  a  pound  if  it 
could  bi>  placed  half  way  from  the  surface  i^  the  centre  of  the  earth. 
Ilt-nco,  iKidiir.-;  will  slightly  decrease  in  weight  as  they  arc  placed  in 
deep  escavations  below  the  level  of  the  sea. 

50.  Gravity  affected  by  shape  of  the  earth. — Owing  to  the 
flattening  of  thu  uartb  ut  the  pult^s,  a  body  at  the  (.'(juator  will  be  13 
miles  further  from  the  centre  of  gravity  of  the  earth  than  when  it  is  at 
either  pole.  Hence,  it  will  weigh  loss  at  the  equator  than  at  the  poles; 
and,  for  this  cansc  alone,  the  difference  in  weight  would  be  about  f|^ 
But  it  is  found  that  the  actual  difference  is  ^ir  "''  ^'^'^  oquatoruil  weight: 
that  is,  a  body  weighing,  ut  the  etjuator.  lOi  pounds,  would  weigh,  at 
the  poles,  195  pounds;  showing  that  this  great  differeuuc  must  bo  ao- 
couuted  tor  by  some  other  canse ;  which  is  the  centrifugal  force  result- 
lug  from  thu  rotuliou  of  the  earth. 

51.  Gravity  affected  by  the  earth's  rotation. — The  centaif* 

ugal  force  (cauwcil  by  thi-  rotation  of  tlic  uarth  on  its  axis),  which  is 
nothing  at  the  poles  aud  regularly  increases  toward  the  equator,  where 
it  is  greatest,  in  the  same  ratio  d\minitht$  the  weight  of  bodies  on  th& 
earth's  surface.  If  the  earth  wore  to  revolve  seventeen  times  faster 
than  it  now  docs  (or  once  in  1  h.  24  m.  25  8.),  the  centrifugal  force- 
would  balance  the  force  of  gravity,  and  bodies  at  the  equator  would 
havi-  no  aonsible  weight ;  while  at  the  poles  the  weight  of  bodies  would 
remaiu  the  huiiic.     If  the  earth  were  to  revolve  in  leas  time  than  about 
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24  m^  the  oc«ang  would  be  thrown  off  at  the  equator,  like  water 
from  A  ^ndstone,  sud  loo<e  bodies  would  flj  iuto  space  above  the 
earth'a  sariooe. 

S3.  Earth  drawn  toward  falling'  bodies.— A  body  fallitig 

through  8piu%  to  the  earth  iileu  draws  the  earth  ihrough  epace  toward 
itselC  The  uaas  of  the  earlli,  howL-ver,  being  bu  much  gu-ater  than 
auy  of  \ts  deuclied  bodies,  and  the  ivlative  distances  that  the  earth  aud 
the  detached  bodies  more  being  inverse]}'  aa  their  ntai*M$,of  course, 
the  earth's  motion  would  be  inculcohibl)'  small,  but  inathematicallj  a 
bet 

SS.  Direction  of  gravity.— The  direction  in  which  gravity  acta 

corresponds  to  straight  lines,  drawn  from  the  earth's  centre  of  grarity, 

^^d  perpendicnlar  to  tbeenrth'ti  surface.    The  two  &maU  balls  and  lines 

^■ta  the  right  of  the  diagram  (Fig.  12)  may  represent  two  plumh*lin6g, 

^Hrhich,  by  gravity,  ure  attracted  t^iword  the  centre  of  gravity  of  the 

^^uth,  assecn  by  the  continued  dotted  lines;  thus  showing  that  plumb- 

liom,  though  sensibly  parallel,  are  not  mathematically  so ;  aud  hence, 

prvTing  that  the  walls  of  a  building,  for  instance,  laid  up  by  plumb- 

lincii,  are  not  exactly  vertically  parallel  with  each  other. 

Up  and  do'wn,  relativo  terma.— As  the  law  of  direction  of 
gnnty  IiqUU  guod  on  all  sides  of  tlie  t^rth  alike,  it  showa  that  up  and 
(iMrnare  only  relative  terras — up  meaning  awa^/roin  the  earth,  and 
dnnt  signifying  toward  it ;  so  that  the  direction  up  to  ue  would  be 
dion  to  OUT  antipodes  J  or  antipodes  pointing  one  up  and  one  down 
VDold  point  in  the  Mune  absolute  direction. 


CHAPTER   IV. 


UOnOX  ASD  FORCE. 


S4.  Hotlon  and  fbrce. — There  are  three  varieties  of  motion: 
tfantlalion,  ur  direct  mtition  ;  motion  nf  rotation  ;  and  a  comhinat-ion 
of  tnudation  and  rotation  (see  15  and  10).  Besides  these  there  are 
•""ybrw  motion;  accelerated  motion  ;  and  retarded  motion. 

A  body  has  uniform  motion  when  it  moves  over  equal  spaces  in  equal 
tinies. 

A  body  has  umformhj  ucceterated  motion  when  its  velocity  increases 
■*)■ »  constant  quantity  in  a  given  time 
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A  body  has  uniformly  retarded  motion  when  its  velocity  diminiahefl 
by  a  constant  quantity  iu  a  given  time. 

The  increase  of  velocity  in  a  second  ia  called  the  acceleration;  and 
the  decrease  in  a  second  the  retardation. 

Porce. — For  definition  and  origin  of  force»  see  20.  In  determining 
a  force  there  muet  be  taken  into  consideration:  Ist,  thia point  of  appU- 
cation  ;  3d,  the  direction  j  3d,  the  intensity  or  energy  with  which  the 
force  acts. 

Forces  are  represented  by  lines ;  and  any  given  length  of  line  may 
be  taken  as  the  unit  of  force ;  hence,  the  direction  of  a  line  will  repre- 
sent the  direction  in  which  the  force  acts ;  and  its  length,  the  magni- 
tude or  intensity  of  the  force. 

Statics  is  the  science  of  equilibrium;  and  dynamics  treats  of  the 
motions  which  forces  produce. 

Equal  forces  acting  in  opposite  directions,  the  body  upon  which 
they  act,  as  also  the  forces  themselves,  are  said  to  be  in  equilibrium. 

The  direction  in  which  a  force  is  applied  determines  the  direction  in 
which  the  body  receiving  the  force  will  move,  or  of  the  resultant 
pressure  if  the  body  ia  not  free  to  move. 

Measure  of  forces. — The  following  propositions  will  express  the 
effects  of  different  forces : 

1.  Two  constant  forces  are  to  each  other  as  the  masses  to  which,  in 
equal  times,  they  impart  equal  velocities. 

3.  Two  constant  forces  are  to  each  other  as  the  velocities  which  they 
impress,  during  the  same  time,  upon  two  equal  masses. 

3.  Two  constant  forces  are  to  each  other  as  the  products  of  the 
masses,  by  the  velocities  which  they  impart  to  these  masses  in  the  same 
time. 

4.  The  measure  of  a  force  is  the  product  of  the  mass  moved  by  the 
acceleration,  or  velocity,  imparted  in  a  unit  of  time. 

The  momentum  of  a  body  is  equal  to  its  mass  or  weight  multiplied 
by  its  velocity. 

S5.  Flgttre  13.— Laws  of  fidlii^  and  rising  bodies.— The 

main  line  in  the  diagram,  for  convenience,  is  divided  into  four  equal 
parts,  H,  N,  L,  and  R,  of  16  feet  each,  to  represent  the  track  of  a  fall- 
ing or  rising  body  during  two  seconds  of  time. 

It  has  been  found  by  experiment  that  a  body  starting  from  a  state 
of  rest  will  fall  16  feet  the  first  second,  and  that  its  velocity  at  the 
starting  point  is  nothing,  and  at  the  end  of  the  second  it  ia  equal  to  33 
feet  per  second,  showing  that  the  average  is  just  half  the  accelerated 
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ml<M;itv.  At  the  end  of  the  next  seound  it  will  have  ac> 
iniivd  another  Hcct^leratioti  of  Z'i  feet,  which,  added  to  the 
Srst  uccL- It- ration,  nmkes  04  feet. 

The  body  S,  Iheri^fore,  would  fall  through  the  space  H 
the  first  a<%ond,  and  ite  aocjuired  Telocity  of  32  feet  would 
it  Uie  next  second  over  the  lines  N  and  L,  and  Uie 
of  gravity  would  (of  itself)  carry  it  over  the  line  K  ; 
ipnce,  it  would  Tall  daring  the  Ist  second  IC  feet,  and 
daring  the  2d  second  3'^  feet  +  16  fwat  =  48  feet;  and 
daring  the  3d  second  GA  feet  +  16  feet  =  80  feet,  and 
during  the  4th  second  96  fe«t  +  16  feet  =  112  feet;  and 
on. 
r,  thua  stated,  it  would  fall  during  the 

and  10  feet  =10  =16  feet 

32  +  16  =  32  +  16  =    48    " 

"        33+32  +  16  =  64  +  16  =     80    " 

tu    •'     3a  +  38  +  aa  +  16  =  06  +  16  ^  ita  •* 


Fia.  U 


3d 


Or.  hy  adding,  we  hare  the  space  ptuised  over  in  the 


.  eecund 


16  feet. 

64    *' 


3d  second  - 
4Lh     " 


-  144  feet 

-  256    " 


lit  1'ill  he  «een  that  these  spaces  ai<e  to  each  other  m  the 
}uurs  of  the  time;  that  i^, 

1'  is  to  £*  as  16  is  to  G4. 
!■  ia  to  3'  as  16  is  to  144. 
1*   is  to  4'  as   16   is  to  256,  or, 

2'  is  to  3'  as    64  ia  to  144. 

3*  is  to  4*  as  144   is  tu  266 ;  and  so  on. 

Or,  ID  tabniar  form : 


6»crrBls  bi-iox      1    3    S      4 

5 

e 

7 

8 

S 

10 

ClC, 

well  Inlcnul 

ft|    7 

sj  u  |ia 

IS 

17 

10 

dl|)^wbu1eftpflce 
wilibe 

1     4 

0 

lojss 

36 

4D 

04' 

61 

100 1 

be  motion  of  a  body  i«  uniformly  accelerated  when 

"^g  to  the  earth,  ao  it  is  uniformly  retarded  when  rising 
1  the  earth,  passing  over  spaces  decreasing  eucA  interval 
'thbiqnareof  the  time. 
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To  find  the  vtioeUy  of  a  failing  bwly  at  the  end 
of  any  second,  inultipl}'  32  feet  by  die  number  of 

seconds  it  litui  bevn  fulliug. 

To  find  the  velocity  of  a  n'^siny  body  at  any  par- 
ticular Hcotid,  iDulti|)ljr  the  wcouds  it  has  beea 
rising  by  32  fii-t,  and  subtract  thi«  from  ti»e  velo- 
city it  hod  at  starting. 

Bodies  also  acquire  the  some  velocity  In  foiling' 
the  siMU-  purpi-ndicutar  disuiiiou  from  a  stAte  uf 
rt-st,  wliatcver  path  tlu-y  may  t^kr,  ns  ou  au  iii- 
oliued  plane,  or  ou  a  pendulum -rod.  etc, 

S6.  Figure  14.-^ Accelerated  relocity 
of  ialliug  bodies  iltuslmted  by  the  flow  of 
thii'k  li<)uidif. — Siippoiw  the  material  flowing 
fryiii  the  faiicc-t  to  be  some  thick,  (eniicious 
liquid,  as  moksses  nr  gyrnp ;  and  though,  at  the 
fauctt,  the  stream  be  un  ineh  or  more  in  diumo 
ter,  it  will,  if  it  fall  far.  dwinUlt;  uvray  to  a  flne 
tbiT'ad-liku  gln^tuii ;  but  as  tio  more  of  the  liquid 
can  \ta&i  in  uuy  o»e  part  of  the  stream  than  ano- 
ther, it  pruves  that  Lhu  ]i<Lutd  move;^  with  greater 
velocitv  Lbc  further  it  falls. 


S7-  Vigure  16.— Reflected  motion.— It  ie  a  law  of  moring 

b(l(lil'^,  t^t'i  ill  nuition  by  a  eiugle  force, 
toniiivu  forward  in  a  straight  liue  until 
some  uther  force  or  impediment,  act- 
ing in  a  different  dii-ection,  changeg 
theii-  course. 

BuptM>se  FL  to  be  a  floor,  made  of 
marble  or  some  othi;r  clastic  substance,. 
and  N  an  irory  or  some  kind  of  an^ 
olaalic  ball,  tiirowii  toward  the  floor 
in  the  Uireotiuu  of  the  line  KX ;  it 
will  be  reflected  in  the  direcltou  of 
Nil.  making  tlie  angles  K\ti  and 
UNI-'  e'|ual.  If  the  ball  be  thrown 
down  the  perpendicular  line,  which  la 
calKtl  tlie  tmnufil,  it  will  rfUmnd  in 
th.  sjime  din.'t:tton.  Tlie  angle  fornuO 
by  the  normal  and  KN  is  termed  th* 
angle  of  incidence,  and  thai  formed  bj 
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normaJ  und  KH  i»  the  anffte  of  r^edion^  and  the«e  angleg  are 
r»v8  tcjuuL 

:  SS.  Flffore  16.— Betfultazit  motion.— This  is  prodaoed  by  two 
more  forci-s,  termed  wmponcnts,  actiug  in  difffrciii  directions  on 
te  Bunc  body  at  the  ftame  tini& 

'When  Bcreral  forces  aet  on  a  haA.y  ihcy  may  t)e  arranged  lu  three 
wars.  acoonUng  to  their  direction.    The  forces  may  ftct, 
IsL  AH  In  onu  difciUiun ; 
'iiL  lu  exactly  up}HMiite  directions;  or, 
3d.  At  some  Migk'. 

In  ik*}firti  case,  the  resultant  is  the  sam  of  all  the  forces,  and  th« 
direction  id  unaltered. 

In  Ihe  MconU  caw.  the  resultant  is  the  difTerencc  of  the  forces,  and 
thf  direction  of  the  greater.     If  thoy  be  equal,  no  motion  is  pi-o- 

Ui  the  third  case,  a  resultant  is  found  to  two  of  the  forces  by  Ihe 

illelogram  of  forces,  according  to  the  follawiug  law,  namely:  by 

number  of  forces  acting  together  for  a  given  time,  a  body  if 

»ught  to  the  eame  place  as  if  each  of  the  forces  had  acted  on  the 

separati'ly  and  ftucct'ssivoly  for  an  eqiial  time. 

Ftf).  Ifl- 


If  a  furce  act  on  the  hall  L  in  Uif  dirt-ctiou  of  and  fjiuil  tn  the  Une 
^')  il  will  1*888  over  thia  line;  hul  if  there  be  Bimiiltuneotisly  ap|>Hfd 
<«  Ihu  ball  another  force,  in  the  direction  of  and  equal  to  the  line  E, 
it  *ill  IH1S8  over  the  dotted  diagonal  line  V  ;  and,  by  the  joint  acHon 
vtihe  t*,i  f.>rees  it  will  be  moved  over  the  line  V  in  the  8ame  lime  that 
***c  first  force  would  imjHO  it  over  the  line  N,  and  the  sefioiid  force 
fsitc  ibe  line  E,  or,  which  iS  the  same,  over  their  opposite  ixwallel 
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lines.  If,  in  addition  to  these  tiro  rorces,  a  third  force  be  gimnlta- 
iieously  applied,  cquiil  to  und  m  the  dircctiou  of  the  line  A,  the  ball 
will  be  driven  over  tht-  heavy  liiic  T ;  or,  if  it  bw  impollwl  br  thi-  rcsult- 
ont  V  and  the  force  represented  by  A;  or,  if  it  be  impelled  by  the 
i-eoiiltaul  of  A  and  N  and  thu  r^Gultuut  of  N  and  E. 

These  forces  act  at  right  auglee  to  each  other,  but  the  same  law  holda 
good,  whuteTcr  be  tho  angles. 

In  the  same  manner  a  resultant  may  be  fonnd  for  any  number  of 
motivo  forces,  by  oompoundln^'  thi'm  two  by  two  euew^ssively. 

This  is  (Jailed  the  rtrntpiinfttoti  of  forti's.  By  reversing  the  operation 
a  single  fore«  may  be  divided  into  two  or  more  forces,  the  turn  of  wliiuh 
is  etjual  to  the  one  force.     This  is  called  rejuoludon  offorctn. 

Curvilinear  motion  will  )je  illustrated  hereat^er  (813). 

59.  Figrore  07.— Action  of  wind  on  sails  of  veeselB. — 
Many  pnictioal  examples  of  the  resolution  of  fortres  might  bt'givru,  hut 

the  wiiling  of  a  boat  in  a  direction  dilTer- 
'^^  17.  gut  from  the  wind  affords  a  familiar  illus- 

tration of  tlieiie  principles. 

Lut  the  arrow,  crossing  the  deck  of  the 
veBSL'l  at  right  angles  to  the  keel,  repre- 
sent the  force  and  direction  of  the  wind  ; 
then  resolve  this  force  into  two  others, 
by  forming  tho  dotted  parallelogram,  and 
the  force  of  tlie  wind  whidi  falls  n|Hin 
the  sail  NV  at  right  angles  to  ite  surface 
will  be  represj-nted  by  tlie  dotted  arrow  L. 
If  this  force  be  resulved  into  two  others, 
it  will  be  seen  what  amount  of  force  is 
applied  to  the  yesael  in  the  din*ction  of 
her  keel.  By  the  rudder,  F,  the  boftt  ifl 
kept  in  the  proper  direction  to  receive  the 
wind  upon  the  sail  to  the  best  advauta^ 
with  referenc*'  lo  tho  desired  course. 

To  apply  tlieso  principles  to  the  beat  ad- 
vantage, it  is  necessary  that  the  boat  be  m 
modelled  as  to  advance  as  freely  as  possi- 
ble through  the  water  in  the  direction  of  the  keel,  while  it  offers  great 
resistance  to  lateral  motion.  It  ia  for  this  reason  that  sailing-TesBels 
un>  provided  with  keels  and  centre* boards. 
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Dinpensating  pendnlum.— A  peDaiil 
dock,  to  run  with  aciMiruey.  nfiiiin-ii  iliuL  tiie  [Kindtilum  remain  always 
tbe  same  leiif;th  ;  but,  a&  heat  expands  and  cold 
contracU  it,  it  Tories  with  the  temperature  (315), 
To  ovprcomp  this  variation  is  the  object  of  the 
compensAting  or  frridiron  pendulum. 

The  central  and  two  outer  rods,  marked  1.  are 
rtec] ;  the  two  iutermi-diat*)  nvXn,  marked  2,  are 
brass.  If  the  two  outer  rode  expand,  say  an 
eighth  of  an  inch,  the  penduhim  will  he  lowered 
this  much  :  and  a«  the  central  rod  will  exjmtid 
the  same,  it  will  be  lowered  /rco'cighths  of  an 
inch.  As  the  expansion  of  brass  is  twice  that  of 
nctfl,  the  rods,  marked  2,  will  tlcvnie  the  pendu- 
inm,  by  their  expansion,  two-eighths  of  an  inch  ; 
and  thus  the  expanaiun  or  contraiction  of  the 
hnu0  just  DentraliKes  that  of  the  ^l^uul  rods,  as  in- 
dicated by  the  arrows. 

Variations  in  the  vibration  of  the  pendnlum 
arc  t-ffect*^  at  will,  by  depressing  or  elevating  thu 
pendulum-ball  by  means  of  a  icrow  and  nut  iit 
the  boLtoni,  ur  by  moving  the  small  bull  on  the  cuntml  rod. 

61.  Figiire  19.~Laws  of  oscillation  of  the  pendulum.— 

\jtt  the  pendulum  W 
suspended  at  A;  then, 
when  it  is  in  the  position 
K  it  is  in  ettuilibrliim, 
OS  the  action  of  gravity, 
which  acta  vertically, 
is  reeietcd  by  thu  teu- 
non  of  the  string  or 
rod.  If  the  ball  be 
dmwn  aeido  to  T,  and 
then  allowed,  to  swing, 
gravity  acta  to  draw  it 
book  again  to  N,  where 
it  will  move  with  the 
tame  V4>locity  as  tliough 
it  had  tallen  through 
the  vertical  height  from 
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T  to  the  dotted  line  MN.  In  consequence  of  its  inertia  and  acquired 
velocity,  it  will  pass  on  to  the  position  of  P.  From  T  to  N"  gravity 
acts  as  an  accelerating  force,  bat  fVom  N  to  P  as  a  retarding 
force.  Were  it  not  for  the  resistAnce  of  the  air,  NP  woald  rigoroQsly 
equal  NT. 

Let  AT  represent  the  tension  of  the  rod,  and  TL  the  force  of 
gravity,  then  construct  the  parallelogram  TANL,  and  TN  will  repre- 
sent the  force  with  which  the  ball  is  drawn  to  the  vertical  line  passing 
through  the  point  of  Bnepension,  which  continnally  diminiahea  as  it 
approaches  this  line,  until,  finally,  it  becomes  nothing;  when  the 
Unes  TA  and  TL  will  form  a  straight  line,  and  the  foroee  which  they 
represent  will  act  in  opposition. 

Iiaws  of  oscillation. — For  pendnlnms  of  nneqnal  lengths,  the 

times  of  oscillation  are  proportional  to  the  square  roots  of  their 
lengths. 

For  the  same  pendulnm  the  time  of  oscillation  is  independent  of 
the  amplitude,  provided  the  amplitude  be  small. 

For  the  same  pendnlum  at  different  places,  the  times  of  oscillation 
are  iuversely  as  the  square  routs  of  the  force  of  gravity  at  those  places. 

Soientlflc  uses  of  the  pendultun.— The  pendulnm  is  em- 
ployed to  measure  time  and  regulate  tlie  movements  of  clocks.  And 
as  its  oscillation  is  caused  by  the  force  of  gravity,  its  movements  are 
affected  by  whatever  affects  this  force;  hence,  it  is  a  most  valuable 
scientific  instrument  in  the  investigation  and  application  of  principles 
relating  to  gravity,  latitude,  altitude,  shape  and  motion  of  the  earth, 
etc. 

Pndeetilsa. 

62.  Figrure    20.— Hotlon    of    projectiles.— Projectiles   are 

bodies  thrown  into  the  air  by  some  momentary  force,  therefore  they 
are  subject  to  two  forces :  viz.,  the  projectile  force,  which  is  moment- 
ary, and  gravity,  which  is  constant 

If  the  body  is  projected  vertically  upward  or  vertically  downward, 
see  the  laws  of  rising  and  foiling  bodies,  Fig.  13,  (55) ;  but  the  space 
traversed,  and  also  the  velocity,  are  resultants  of  the  sum  of  the  two 
forces. 

If  the  direction  of  the  projectile  is  not  perpendicular,  then  the  path 
of  the  projectile  must  be  a  curve. 

In  the  figure  suppose  the  Utwth  of  the  narrow  parallelograms  to  be 
the  distance  the  projectile  would  travel  in  each  second,  and  their  width 
(16  feet,  Fig.  13),  the  distance  the  projectile  would  foil  in  one  second 
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th*  forci'  of  gmTil)-.  If  now  a  lunnuri  Iwll  bo  projected  from  A 
[thr  gnn  ranging  nt  tlif  ongle  of  48"),  it  would  be  drirvii,  by  the  pro- 
"tile  Tiinv  ulcn^,  Lbv^'r^/ Becand,  iilutig  the  gtmighl  lint*  toward  tlu* 
»int  U  m  F,  htit,  by  the  force  of  gravity  iiloae  (55),  it  would  foil  to 
le  Miwttt  oomer  of  the  first  paralldogmm  ;  buooe  the  iwo  forow, 
Ling  together,  would  drive  it  along   the  cnrTcd  line  iu  the  Artl 

Fio  flO. 


During  tbo  neeond  sccuud  thv  prujcctile  force,  acting 
alone^  wmild  drive  the  ball  from  F  to  U.  but  daring  the  second  second 
grarity  would  (by  the  law  of  falling  bodies)  draw  it  down  the  width  of 
Ibrvc  i»rkllclognicn3,  lo  the  boiumi  of  tJic  line  :l;  hptic«,  it  will  puss 
mff  tbecnrml  line  crossing  these  three  poralUlogmms.  During  the 
Urd  eecond  thn  projectile  force,  acting  alone,  would  drive  the  ball 
II  to  J,  and  gravity  wonld  depress  it  over  the  width  of  five  of  the 
i-b^mmii  to  the  bottom  uf  the  linu  5 ;  hence,  it  wilt  pcus  along 
iiTi-d  line  traversing  thesy  five  parallelograms:  and  so  on,  until 
boll  fall*  on  tbo  horizontal  line  at  T. 
It  will  reach  T  in  the  same  lime  that  the  projectile  forcw  {iinin* 
imfx^  by  gravity)  wonld  drivf  it  along  the  lino  FJ  to  a  point  where 
\U  liov  wonld  inter«i-cl  a  perpendicular  erected  at  T,  which  would  be 
le  tinia  roqnired  for  a  ball  to  fall  (by  gravity]  from  tbia  inter> 
ID  toT. 
Th^gnuiud  poMihif  horxwnttd  rawjey  with  a  givi-u  velocity  of  pro- 
),  U  obtained  by  placing  th«  gun  at  the  angle  of  4.^"  witli  t1i« 
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liorison ;  tn  which  case  the  greatest  height  attained  ts  one-fourth  of 
the  range. 

For  any  range  pqually  ahove  or  Iwlow  45".  the  horizontal  range  will 
be  equally  Oiininished;  that  is,  the  horizouhul  range  will  he  the  same 
for  40°  and  50°,  and  the  same  for  30"  and  00^;  as  ahowa  by  the  other 
two  curves  in  the  diagram. 

63.  Fig^ire  21.— Perjwtual  revolution.— Suppose  the  spl 
to  represent  the  earth,  witli  a  tower  reauhiag  above  the 

Fiu.  21. 


(say  fifty  milt-s  high),  from  whicli  to  project  a  canuon-ball.  A 
shot  from  a  cannon  at  thia  elevation,  not  being  rctiisted  by  the  air» 
might  be  driven  eighty  miloo  or  more ;  and,  with  sufficient  projectile 
force,  B  ball  might  be  driven  completely  around  the  earth  lo  the  )K)int 
of  starting,  ua  shown  in  tlie  diagram  ;  iti  which  case  it  would  oontiuuo 
to  revolve  perpetually  ai'ound  the  eartb,  some  as  the  moon. 

64-  FigTire  22.— Falling  of  projectiles  thrown  from  hori- 
zontal guns. — A  ball  horixonlally  projcctrd  from  an  elevated  guu 
will  ifoch  the  ground  in  the  same  time  that  it  would  fall  vertically 
from  the  same  fU-vation,  whalevi-r  be  the  pnijectile  Telocity. 

SupjMMe  the  cannon  to  be  elevated  at  such  a  height  that  n  hall  fkll* 
ing  vertically  from  itti  mouth  would  be  juut  three  seconds  in  reaching 
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»e  ground,  by  ihe  action  of  gmrity,  and  the  raogo  of  the  gnn  to  b* 
exactly  horizontal. 

Suppose  u  ball  to  be  projected  from  the  gun,  and  to  reach  N  in  one 
eecond,  then  the  horizontul  line  Nl  will  intersect  the  rerticui  linu  I^ 
st  tbn  point  ia  where  an  unshoL  hall  would  fall  by  gravity,  at  the  end 
of  thejfrs^  eeoood.    During  tho  8cr.uud  second,  BUppooe  the  projected 

Via.  23. 


bull  to  pasa  fVotn  N  to  T.  then  the  horizontal  line  T2  will  intersect  the 
vertical  line  at  the  point  to  where  the  nnshot  ball  would  fall  at  the 
close  uf  the  secxmd  second.  During  the  third  second,  sup|K)»e  the  pro- 
jected ball  to  pass  from  T  to  F,  then  draw  the  horizontal  line  F3 
(which  coincides  with  the  earth),  and  it  will  intersect  the  vertical  line 
at  the  point  to  where  the  unshot  ball  would  fall  at  the  close  of  the 
I  third  second ;  hence,  the  projected  hall  reaches  the  earth  in  the  same 
tame  that  the  unshot  bull  fulU  vertically  from  the  mouth  of  the  cannon 
to  the  earlli. 

OS.  Fiffure  23.— Action  and  reaction  are  equal,  or  force 
and  resistAnce  are  e<iiuil. — This  is  shown  by  n  ueries  of  ivory  or  other 
elutic  halls  #ufi|>eiided  by  coi-ds.  If  the  ball  I  In' drawn  fri;>m  the  per- 
pendicular, and  then  allowed  to  fall  ««»  as  to  ofrike  the  (mi-  next  to  it, 
the  motion  of  the  fulling  ball  will  be  communicated  through  the  whole 
aerie*  from  one  to  the  other,  without  moving  any  but  the  hist.    This 
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u  owing  to  the  faut  that  the  reaction  of  2  is  just  equal  to  the  aelion.  < 
1 ;  and  thai  the  reaction  of  3  h  just  H|ual  to  tbe  action  (commuuicst 
from  J)  of  3 ;  and  so  on.  until  the  motion  1  arrives  at  «,  which,  hayinj 
nothing  to  act  upon,  is  xUneXt  put  in  mutiou  and  thrown  ufT  to  U    1^ 

Pio.  23. 


is.  therefore,  reacUon  which  canses  all  the  intermediate  balls  to  remain 
at  rest. 

If  1  and  9  ho  drawn  Mtdo  and  allowwl  to  fall  tn^Mhcr,  th^n  5  and  6 
will  be  throinii  off.     In  tlipse  experiments  elastic  bnlb  mnst  be  employed. 

The  law,  that  action  and  rcaciion  are  equal,  is  often  orerlookcd  hjr 
inventors  who  strive  to  prodnce  a  perpetual  motion. 


CHAPTER    T. 


HECnANICAL  POWERS. 

66.  Machine,  motor,  power,  weigrbt,  eta— A  machine  is 

any  contrivaTice  that  tninsmita  the-  action  of  force,     A  force  emploved 
to  more  a  machine  ia  a  motor. 

The  moving  force  in  n  machine  ia  culled  tfie  power:  the  place  of  its 
applianro,  the  point  of  application;  the  line  in  which  this  point  tends 
to  mnvy,  the  lUrection  of  ihf  power;  (ho  resistance  to  be  overcome,  the 
Wright;  and  the  part  of  the  mochine  immediatetj-  applied  to  the  retiist- 
ancc  is  the  teorhing  point. 
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.Fhrerji  {or  frhat  is  Ifte  jinme,  foreea  and  reaislanns)  in  fptiliMum 
&e  la  rack  uiher  intvruljf  tu  iA»ir  veiociiiw,  and  inversrit/  as  the 
which  Ihfy  describe. 

Figure  24.— Le^er  of  the  first  cl&ss. — A  lerer,  in  n«r,  im- 
|>)ii;a  all  tuflfxililt!  liar,  rulcriim,  piiwcr,  and  rcjisUnce.  Wrighl  is 
fubstitutoil  for  rcsiiitnoce'  in  tlii-se  illnilniHonB. 

Id  '  I'toEs,  111?  ftiliTtini  is  lietwoon  the  [jower  and  woight.  u 

^..  ..'-  uiagmm,  dividiog  thu  lever  into  a  loug  Bod  ^horl  arm. 


Th^  rpUiirc  length  of  these  arms  is  shown  hyfiyuren^  und  al»  by  a  cor- 
r  I.;  ntimlfur  nf  etjual  j^mt^j'',  markc-d  on  the  lerer:   und   the 

■  iwi'fii  the  power  and  weight  is  indicated  by  tignres — the 
J  th**  power. 
\:«iidlIion8  uf  e^iuilibriiim  with  all  levers  are  these:  (he  u>eighi 
are  iQ  each  othft  inversely  as  their  distaneta  from  the  ful- 
im;  or,  power  moltiplied  Into  its  arm  (iu  distance  from  the  ful 
(••innls  the  weight  miiltipliod  into  its  arm ;  or.  as  ehown  in  the 
1,  fl  X  ft  =  24  X  2 :  or,  P.  (|»iwer)  is  to  \S,  (weight)  as  ehorl 
«m  u  ti)  long  arm.  Uvnce,  the  weight,  short  arm,  power,  or  long 
mrm.  Ui  all  leverB  may  be  fonnd,  rojipectivcly,  by  the  following 
fomuiliB: 

short  arm  2 

long  arm  X  P.        .     .  S  X  «      « 

**   y      —  =  ibort  arm,  or  -^—  =  2  ; 

-      =  P.,  or  — ^-—  =  8 ; 


Aorl  arm  X  W. 


-'  =  long  arm,  or 


2  X  34 


=  & 
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67.  Ftgrure  26.— Levor  of  the  second  daas.— Id  thii  ttrtt 
the  weight  u  bvtween  the  fDlcrum  uod  pover,  whicU  oflbni*  grvalcr 


Pio.  K. 


.?---• 


leveragt  with  a  lever  of  the  eame  length ;  as  it  wiU  be  Men  that  all  Ui« 
ten  «paoog,  iastead  of  eight,  oomo  betvveti  the  power  and  fuIcruD, 
which  givi'8  the  power  a  fifth  greater  adrantage  over  the  weight 
in  the  former  case ;  or  6  X  10  =  30  X  3 ;  thu«  mnking  the 
inetead  of  21. 

The  dotted  lines  show  that  the  gpooe  throagh  which  ihe  weifM 
passes  is  to  tlm  space  throiigh  which  the  power  passes  as  the  povtril 
to  the  weight ;  and  as  tlio  short  arm  is  to  the  loug  arm- 


Fi..  ?rt. 
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6S.  Tigjxre  26.— Lever  of  the  tMrd  claaa.~Iii  Mm  \vyt 
the  iNiwt-r  com."*  l«'t»ri-<*n  the  fulcrum  and  weight,  whu-li  hntic^  tin 
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wc-firfit  uQ  the  long  instood  of  the  short  arm,  thn^  dccmiEiiig  the 
motlmi  or  the  power  at  the  »pcnBe  of  the  leverage :  the  weight  having 
the  A-t  '  of  ihe  whult-  length  of  the  k>vt>r,  utul  thf  pon'erunW  i>n« 

Oflh  •-  .  ;iu  X  3  =  0  X  10;  thus  mukiug  the  weight  C  and  the 

power  W, 

-'"''-  ciisc  thn  long  arm  (thnt  to  which  tho  power  13  lunmlly 
n.  M-coniM  the  short  arm,  und  the  short  arm  hecomes  iht.'  lung 

Ann,  which  miut  be  kvpt  in  mind  when  uppljtng  the  rules  pruTiotialy 
giren. 

69.  Figure  27. — Compoimd  levers. — A  compound  lertroon- 
nns  of  two  or  mure  ainiplc  lfvi>r&  'V\w  uue  here  exhibited  consists  of 
three  aimple  lurcra  of  Uie  first  claaa. 

Fio.  27. 


2.V.    .   . 


Tb«  oondittoDa  of  eqtulibrinm  in  such  a  vyeiem  are,  that  the  product 
of  al]  the  Inng  arms  niiilti|>lirit  hy  the  power  must  equal  the  pmiluet 
ofali  the  iliortiu-ma  multiplied  by  the  weight;  or8X8Xt^xn  = 
9  X  S  X  3  X  381.  Or  the  weight  uf  th«  1st  lever  {beginning  next  to 
t'  "^  th«  |Mwer  of  th«  ^  lever,  and  the  weight  of  the 

1  r       :  :ir  powcr  of  tho  3d,  and  so  on.     Hence  we  hBTc: 

fihurt  arm 

1^  V'""^-^  =  «d  W..  and 
2a  ihort  arm 

2d  W.  X  3d  long  arm       ^ ,  ,..        ,  „ 

—  -  -I   . =  3*1  n .,  and  so  on.    Or, 

jd  Abort  arm 

—2      =■  24,  and  — - —  =  DC,  and  — - —  =  38-1. 

«  £  « 

Among  the  cxamplea  of  hnren  of  the  fint  cIms«  in  ptwM  io>l  uiw.  maj 
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be  meutioiitiil  thu  crowbar^  iciMors,  |)iticiira,  EnBlTcra,  haod-truckt  KtU 
ileeljran]a,cto. 

Lev'er«  of  the  secoud  cliue  uru  nut  so  commou.    Thv  cmwbiir. 
ever,  ia  olV-n  cm|)luy«d  on  b  leror  of  this  claw,  oud  Dat-ci»okrn 
another  rximiple. 

Keganliug  the  practical  uso  of  leronof  tlie  Lliinl  clan,  MttFi^St^ 

(:«). 

Examples  of  compound  Icrora  are  fouml  in  rorions  platrorm  iicaW 

70.  Figruro  28.— Limbs  of  animals,  levers  of  the  thirf 
class. —  Miiiiy  of  the  bonrs  of  sDiraoI^  (iiicluJiiiiif  man)  art  V\vr%\A 
\X\\'.  third  K\A&if  moved  bv  the  coatfaction  and  oiponriou  of  iiiii*cJm. 
which  are  the  power;  and  the  great  exlunl,  and  alaoritjr  of  mtilU 
given  to  the  limbs  of  animaU  are  oving  to  il>  nn 

the  fiilcnuna;  na illnBtnU'<l 
hy  \\w  hunmn       -  tb* 

duignun.     \a\  .  of 

iliL-  forfarni  l>e  Uie  i«'toT' 
\\w  \y.\\\  uiid  TonAnu  tiac^^ 
111'  "  i:lit ;  tlm  lowiT  i-W' 
of  Ihe  hone  MY,  th.-  ft*^ 
rnim;  and  the  mnecit:  L  *■ 
I  lie  pdwCT.  If  now  tl 
ron'artn  und  IhvII  U*  ixi*^ 
wiLh<»ut  m»viug  tlir  t-lbn^ 
it  t»  I'v  tdvn  t  that  <hi>  muniJ 
miiAt  exert  a  forci-  as  much  grcaUT  tlmn  the  weight  ut"  '■'  ' 
ball,  ttfi  thf  dislance  Prom  the  elbow  lu  the  hand  lA  ^ 
from  tht)  L-Jbuw  to  the  point  of  attachment  of  the  rauMtilo;  and  th( 
fore  the  n»|iidity  and  ext*^nt  of  motion  of  the  hand  will  be  «tr: 
itigly  greiit«T  tlmn  that  uf  tlie  coutnuiliou  uf  the  mtucle.  If  i  < 
age  be  as  13  to  1,  and  thu  weight  50  pounds,  thv  muscle  wUt 
forcti  of  600  pounds. 


The  Wbe*!  and  Axla. 

71.  Pigure  2&.  -The  wheel  and  axle.— Thi»  machine  ii 

mtidiUctttii.111  i>r  IhL-  lev  IT  of  ihi*  lirst  cIiir".  und,  k'in.  S 

actttHi,  it  is  lomt^timvx  cnllvU  the  i)uriK'tuul  lever  f 

cylinder,  termed  Ui«  nxU^  eonnc-ctt'd  with  a  *rA#/  of  ranch  gmit' 
dtani'.-l-'r.     The   [KmiT  is  npplii-J   to  tlio  nrcniiif  i 


64 


MATTSR.  FORCE,  MOTIOA',  AXD  MEOltANfCS. 


Fm.  an. 


W.  X  axle  radius  =  P.  X 


around  tothehormmtal  ltnif,and 
revolving  around  the  fulcrum. 

Tlio  rupgtan,  employed  on 
shipB  for  niising  the  aticbor,  is  a 
mudificutiun  of  tbe  wheel  and 

7.5".  FigTire  30.— Simple 
windlass  a  modification 
of  wheel    and  axle. — The 

aslp,  in  this  cuse,  \&  revolved  hy 
niooiis  of  a  handle,  U'rmed  tht> 
wijich,  or  crank,  which  isequiv- 
tiluiit  to  a  pin  driven  iulo  one 
of  tlic  epokca  of  the  wheel.  The 
cunditiona  of  equilibrium  are, 
th»t  the 
length  of  the  crank. 


7'9.  Fissure  31. — CMnese  differential  windlass  or  double 
axle. — III  tliis  machine  it  will  ho  perceived  that  tho  iixli;  consists  of 
two  parts  of  UDe([ual  diameters,  and  tluit  the  rope  winds  around  them 

in      Jifloreut      directions; 
'^      '  therefore,  every  turn  of  the 

windlass  or  handU^  winds 
np  u  portion  of  the  rope 
equal  to  the  circumference 
of  the  one,  but  unwinds  a 
portion  equal  to  the  cir- 
cumference of  the  other; 
and  if  the  two  be  nearly 
equal,  the  weight  has  but  a 
slight  motion;  and,  eon- 
setjuently,  the  power  has 
great  advantage  over  it. 
If  the  weight  rise  1  inch 
while  the  power  at  tbe 
bandledescritwa  100  inches, 
1  pound  will  balance  100 
attached  to  the  rope. 

Hence  the  conditions  of  equilibrium  ore,  that  the  power  multiplied 
by  the  circnmference  dewriWd  hy  the  handle,  equals  the  weight  niul- 
Uplied  by  the  distance  it  moves. 
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Br  LliieUcTioe  apace  and  time  arc  conrenioollj  oxclmngiMl  for^nvr. 
Differentiiil  pullcvs.  wurkcU  b^'  ua  endletfit  djaiu,  ore  orruoged  uu  the 
same  principle. 

7*^.  Figure  32.-~Compoujid  wheel  and  axle.— In  tlio  figure 

r«nppuK  ihv  Hiiiall  circlfS  (till;  nxlos)  tu  \jv  cng'Wliwls,  working  into 
ffoga  OD  the  circumfereuces  of  tkc  lar;ge  wht^cla,  imd  the  liorizuntal 

Fro.  M. 


leturs  to  be  three  simple  levers  of  the  some  dinK^nsions  of  that  in 
|11g.  SO  (71):  then  it  vrilj  be  a^n  that  the  conditions  of  etiiiilibrium 
«re  Iho  s»me  tu  those  of  the  oompnunil  lever,  Fig.  27  (69)  : 

PfiKluct  wheel  nidii  X  P.  —  product  axle  radii  X  W.    Or, 
8X8x8x6  =  2x2X2x  384.   Or  (beginaing  next  to  power), 

^wheel  r«dinBX_P.  ^  j^^  ^^  ^^^ 
lat  uxle  rudius 

gd  whee]radiu8  X  IsrVV.  ^  ,^         ^^^ 
9a  axle  radiufl 

ad  wheel  radiiiB  X  3  W.       - ,  ™        ,  «_ 

„,     ,       ,.      —  =  3d  W.,  and  »o  OIL    Or 

3d  uxle  niurtis 

»-4-«  =  24,  and  141*  =  96,  .nd  l^i?  =  884. 

jC  4  '4 

PuU»yB. 

7S.  Figwre  33.— Simple  fixed  or  immovable  prilley.— 

It  i*  the  /fi(ff  of  the  pnllej*  thut  iL  cord  or  ropo,  when  etretchod,  must 
bate  tliesame  strain  npon  it  throughout  ita  length. 
Hw  tw{)  verticul  cords  |)»s8ing  over  the  tlxed  pulley  at  the  top  of 
diagram,  BUsUin  an  t-qnul  atmin.    Allowing  nothing  for  friotion 
rigidilT of  rojie.  the  i»ower  just  equals  the  weight;  orj  0  =  6. 
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The  horizoDtal  tliam^t^r  of  the  pullejr  is  a  kver  of  tlie  first  claa^ ' 

with  its  falcrutn  at  its  centre,  thu  cords  he'ing  attached  at  the  cmU  of 
iti  cfjual  arms  T  and  L;  hrnce  vre  hnvo,  as  conditions  of  eqiiilihrlum, 
thf  W  X  T  (its  ttrtii)  =  P  x  L  (iu  arm). 
TUo  pulley  may  btj  considered  aa  made  up  of  an   indefinite  nnmber 
F,^  33  of  suchlevcTg,reYoIv-  Fin.  34 

ing  around  their  fal- 
crutn.  TheR'fore,  the 

only  tidvan  t  ages  of  this 

pnlley  nra  to  change 

I  he  direction  of  force 

and  ap|)ly  it  at  a  diu^ 

tance  from  its  eource. 
The  ohjcct  of  the 

pulley  at  the  Ixitiotn 

ia  to  again  change  the 

dintclion  of  the  force. 

The  cruM-bar  and  ar- 
rows represent  a  whif- 

fletree    and   parts  of 

traca  of  a  hurnesfl. 

7G.  Figtire  34. 

—Simple  movable 

pulley.  —  In      this 

piilli-y  one  end  of  I  he 

I'ortl  is  uitacln-'d  to  a 

rigid   iM-um,  and    the 

otherend  iscontndled 

by  the  ])owcr ;  tliere- 

fnre.  it  is  evident  that 

the  beam  ausUiiiis  half 

(he  weight   and   the 

|H>wpr  the  other  half; 

for  the  pulley  acts  as  ft 

lever  of  the  second 
class.  whoR'  arms  are  to  ei*ch  other  as  1  is  to  2 ;  the  point  T  being  Ihf 
fuk-ruin;  TL,  the  long  ann,  or  the  leverage  of  the  power;  and  the 
distance  from  T  to  axia  of  pulley,  the  short  arm,  or  lenrage  of  Uifi 
weight.  Now,  a-s  the  long  ami  is  the  diavieter.AwA  the  ehort  one  the 
r«i/ri(sof  the  pulley,  eqnilthnnm  will  obtjiin  when  the  power  is  equal 
to  one-half  the  woight.  Or,  P  U  to  W  as  the  diameter  of  pulley  is 
to  radius  uf  pulley ;  heuoe 


GS 
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7S.  FigTipe  36.— A  system  of  pulleys  with  more  than 
one  cord. — In  tliiti  urniii^'L'mi'iit  euirh  nni^ublc  piilli'v  lutldd  the  liumo 
reliitiuii  lu  the  uue  uvxt  lit-low  it,  Umt  Um  luvuat  uiie  dors  tu  tlii* 
wcijfht,  and  the  towe;^!  one  holds  the  nuiiie  rtflttliou  to  Wva  weight  Ihal 
the  single  moviibiG  pulley  (Fig.  35)  dues  to  tht;  weight;  Ihiit  is,  the 
lowest  pulley  heing  susiaiiied  hy  two  CoriU,  if  the  w«ight  Uj  dirid««l  by 
3  it  will  oxpres*  the  weight  held  Uy  the  lu-xt  pulley  above ;  und  «>  on. 

Hence,  ttinililirium  obtains  when  ilio  [mwer  ei|aal3  the  weight  Htvidtd 
by  'i  as  many  limes  uh  Un;ru  lire  niuTuhle  jinlleye  ;  iinil,  cuuverenly,  the 
weight  ei|uals  the  |K>wcr  multiplied  hy  i  va  many  tiuies  u;^  Mmtm  ur*- 
movublo  pulk-ys.    Or, 

P  =  gx8x  axg.  ftn^  ^V  =  P  X  {2  X  3  X  2  X  J). 


Pro.  ST. 


7.9.  Figure  37.-Compound  ptxlleys 
with  two  or  more  movable  puUoya.— 
Pulleys  of  this  kind  ore  urniuged  in  two  blucka* 
cmp  block  liciiig  moviibh',  and  rhv  otlit*r  Im- 
nioTuMt',  and  the  weiglit  is  divided  «|a»Uy 
auiong  theconls  purging  uruuud  Ihe  pulleys  nf 
the  movable  block  :  and  utt  Ihe  i>uw<-r  rf^uired 
to  HitBtaiu  u  giv\-u  weight  is  diminished  one- 
half  by  a  Kingit  movable  pulley,  it  f"i  it, 
in  this  aimngement,  eijuilibriiim  "  :  -  -iin 
when  the  power  \i  o»|ual  to  the  weight  divided 
by  twjoe  the  number  of  movable  palleys. 
Heuce, 
P  :  W  =  1 :  twice  the  number  of  raovuble  jnil- 

leys;  or 
P  :  W  =  1 :  number  of  eords ;  and 
P:  W  =  velocity  of  W:  veloeity  of  P:  or  0:34 
=  1:4. 
W  -  24 


^  ~  Dam.  pulleya  X  t  "  *       a  X  3  ' 


nnd 


num.  cords  4 


and 


W  =  P  X  twioo  number  pulleys;  or,  24  = 
6  X  (2  X  2) ;  and  W  =  P  X  oumlicr  curds;. 

or,  34  =  6  X  4;  and  number  Oftrd*  =  -p  ;  or. 
Or,  08  the  weight  ia  snBtatued  hy  four  cnrdi. 
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one  rope  and  three  cords  to  eaoh  pulley.— As  the  fint  pnllej 
next  to  the  weight  u  sustolDud  by  tbrvc  rords,  all  of  which  w  |*«rtij 
or  tlie  same  coni,  it  is  eriiU'Dt  that  onch  ennl  wilt  ht-Jir  uin-  ' ' 
weight:  but  us  onl;  o»«  uf  tlu'sir  Ihrfo  ctmla  uttat'ht^^  t« 
puU^y,  of  course  each  one  of  its  cords  wiU  sustuin  only  on^/Airtf  igrj 
OM-thiril  or  the  Weight ;  autl  so  on.     ilencu,  the 

W  =  F  muUipiitd  bjr  3  as  many  tines  as  then  are  movable  pntkyi;] 
and 

F  =  W  divideii  by  3  us  ntuny  times  us  tliorc  arc  mavahlc  pnllcyK 
W  =  (G>:y  =  18),(18x  ;i  =  ri4),{.'i4X  3  =  162),tH>2X  3)  =  4aS. 
Ps:  (486 -i- 3  =163), (163 -i- 3  =  54).  (54 -i- 3=  IH).  (It*-*- 3)  =  t| 
W  :  1'  =  velocity  ? :  velocity  W,  ur 

6:4H0=  I  :RI, 

Such  a  syitem  is  not  prnctical.  a*  the  no-l 

tioii  of  th4>  wi-tght  is  Ml  alnw.    It.  vill  l«e  mitindf 

tliQL  it  M'uuld    n-<iiiin!  81   ftvt  of  ru|k!  ai  l1m| 

power  to  raise  tbe  weight  1  fuou 


Fin.  40. 


83.  Fig-ore  40.— Asystemof  pulle] 
vrith  two  ropes,  having  one  fixed  and 
two  movable  pulleys. — Tliia  syjit«^ra,  i-y 
8aiil"r«,  ii  cull'd  ttn-  bnrlitn,  Iiy  tni-Jins  nf  whichj 
6  ponnds  of  power  ovcrcomvjt  30  of  rmiatanf 
For,  mppose  the  weight  to  bo  30  and  thppowi 
6.  the  cord  which  pawcs  nround  T  iK-iug 
Niched  to  the  power  and  wcipht,  the  ynvrr  will] 
balance  G  pounds  of  the  weight,  which  W«« 
34  p(»iinda  to  he  held  by  the  two  cards  paM-j 
ing  aniuiid  the  pulley  K,  lialf  of  whiob.  IHJ 
pounds,  wdl  be  bold  by  the  cord  passing  over  I 
the    fixed    pulley  L.     But  these    \t  poiuidt 
being  again  dividcO  hr  thu  pulley  T.  will  *•« 
held  by  the  0  pounda  of  power ;  and,  ihi-  piwpr  ^ 
having   already    taken    np    6    pounds  of 
wcig)tt,  therefore  6  jtounds  bosIud  30;  and  vo| 
have  the 

P:W  =  6:SO,orl:6,or 

P  =  ^,audW=PxS. 

o 

P  :  W  =  vahwiky  TV  :  velocity  P. 
This  system  is  cooaidered  quite  tndlstMMtsable  on  BhipboanL 
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iDclisAd  Plane. 

S3.  Figure  41.— Inclined  plane.— An  inclined  plane  is  one 
Uoclincd  tu  a  lioi'izoutul  i>Uut.'.  Iii  cvL'ry  tjuch  ptatiu  threi;  parts  are  to 
be  congideitd,  height,  Itngtk,  and  base,  for  upon  the  reUtire  proportioog 
of  theae  dcpi-nds  ita  power.  The  advantage  gained  by  iU  nae  is  dne  to 
ihe  fact  thiit  it  atipporU  a  part  of  the  icei'ghi.  If  a  body  be  placeil  on 
a  borizontnl  plane  it  will  support  its  entire  weight,  bnt  if  the  phine  bo 
gradually  elevated  at  one  end  it  will  support  less  and  less  of  it.  until 
thr  plane  reaches  the  perpendicular  position,  when  it  will  cease  to  sup- 

Fir.   41 


port  luiy  part  of  the  weight.  The  power  may  be  applioti  in  n  direction 
parallel  to  the  length  or  ]iarallel  to  the  bu^e,  or  in  oiher  directions. 
la  any  case,  by  n.-^ulutiun  of  fureeis,  il  can  bf  found  what  amotuil  of 
power  is  required  to  retain  a  body  npou  tlie  inclined  plane.  Supposes 
in  the  6gnre,  the  force  to  be  applied  in  a  diivction  pnriilkd  to  the 
plane  ;  draw,  from  the  centre  of  tlie  weight,  the  vertical  dotted  arrow, 
which  represent*  the.  force  of  gravity,  then  dniw  tlie  other  dotted  arrow 
perpendicular  to  the  plane  at  its  point  of  contact,  with  the  weight ;  then 
conetrnct.  the  dotted  para  lie! '>grani,  and  the  sliorL  side  of  tlie  pamllelo- 
gram  will  n'preaent  the  direction  and  relative  amonnt  of  force  necea- 
■ary  to  keep  the  weight  in  equilibrium  on  the  plane. 

6nppo«e  the  weight  to  be  9  pounds,  length  of  plane  9  feet,  power  3 
ponnds.  and  height  of  plane  3  feet,  and  the  height  and  length  divided 
off  into  equal  spaces  of  a  foot. 

In  moving  the  weight  over  one-third  of  the  plane  it  will  be  elevated 
one  fo">t,  us  thowii  by  drawing  the  horizontal  dotted  line  from  the  W 
to  the  perpendicular ;  hence,  as  one  ii  u  third  of  three,  a  forc.'c  of  oue- 
tbitU  of  the  weight  must  be  applied.  Or.  equilibrium  will  obfain  tolieu 
flie power  i$  to  the  weight  tu  the  height  ta  to  the  Ungth  of  the  pianA, 
Hence, 
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P  :  W  =  heigbL  :  feugth,  or  3  lbs. :  0  lbs.  ==  3  (I. :  9  ft 

W=''f.y.         or,  9  lb»  =  ii^^ -Id 
neight:  3 

„  W  X  height  -  ,.  9  lbs.  X  3  . 

P   =         ,       ..    --,        or,  a  Iba.  = ;r ;  and 

length  y 

,    .  .  ,        P  X  length  „        3  Ibg.  X  9  , 

heigbt  := w— -T   or,  3  =      ^  .,        ;  and 


W 


9  lbs. 


Un^^  -  W  X   height   ^,.    .  _  9  lbs.  X  3 
length  =  p--^,  or,  9  =      3  ,t^^^    . 

<?^.  PigTire  4S.— The  screw  a  modification  of  the  In- 
clined plane.— T hi;  screw  ig  uu  inclined  jilum:  wound  spirally  around 


P    6 


;  120 


a  spindle,  and  holds  the  same  reliition  to  the  ordinm-y  inclined  plane 
that  a  £[nrid  staircase  does  to  a  straight  one.  In  the  figure  a  part  of 
the  inclined  plane  1^  forming  the  screw,  ja  extended  off  lu  ihft  left  at 
the  top  of  ihe  epindle,  instcail  of  off  to  the  right  at  the  bottom,  which 
inrertt  it 

The  thread  projects  from  the  surface  of  the  spindle,  and  fits  into 
corresjionding  depressions  in  the  aul,  N.  The  point  of  the  aorew 
Ixrars  upon  an  iron  plate,  W,  betwwn  which  and  the  lower  beam  of  the 
frame  is  placed  the  resistance  to  be  overcome.  In  the  head  of  tha 
epinilte  is  a  lever  which  combines  its  power  with  that  of  the  screw. 

The  distanc*^  luMwecn  the  threads  of  the  screw  depends  upon  the  in- 
clination of  ihe  inclined  plane,  Suppose  a  small  insect  to  travel  down 
the  inclined  phuio  L  and  around  the  screw,  and  it  will,  at  last,  arriTe 
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W  ;  and  every  time  it  goe«  around  the  ocrew  it  will  make  the  same 
Cicai  descent  as  it  did  in  trareUing  the  same  distance  ou  the  straigbt 
»rtitm  of  the  inclined  plane  L. 

The  resistance  beara  ujion  the  inclined  face  of  the  thread,  and  the 
I  power  on  the  lever  juirallel  tu  the  base  of  the  scr^w.  Equilibrium, 
Uitercfore  (vithoiit  a  lever),  will  take  place  when  the 
^H  Power  is  tu  the  weight  as  the  distance  between  the  threads  is  to  the 
^Krcumference  of  the  screw ;  and  (witli  a  lever)  when  the 
^"  Power  is  to  the  weight  tu  the  distance  between  the  threads  is  to  the 
L    circumference  of  the  circle  described  by  the  end  of  the  lever.    Or 

^B  F  :  W  =  dis.  between  threads  :  sweep  of  lever. 

Supposing  the  ilistance  between  the  threads  is  |  an  inch ;  length  of 
»ver,  10  inches;  and  jwwer  6  i>oand8;  and  wc  have. 


_.  _    PXswc^p  of  lever 
~      Uifi.  beL  threads    ' 


or, 


W  = 


6  X  60 


=  72y :  and 


P  = 


,  W  X  dia.  bcr.  thttwla , 
Bwwp  of  lever        ' 


n        7«0  X   i         , 


and 


J-    I.  *  *i.      A         P  X  sweep  of  lerer  6  X  60 

di«.  bet  thrcaoB  —  — ^   -  -rJ ;  or,  — =-<v- 


Bweep  of  lever  = 


W 

W  X  dis.  bet.  threads 


=  I",  and 


"^^  —20 


or. 


1»  '  —        (J 

W  :  P  =  velocity  of  P  :  velocity  of  W. 
j.,Q  43  If  720  be  divided  by  6,  we  hare 

Vl^  lbs.  as  the  weight  which  1 
(«tuiid  will  nii»i.*,  but  this  weight 
is  elevated  only  hiiif  an  inch  while 
the  power  describes  120  half 
inches,  llencf,  in  this,  as  in  all 
mt'chanical  dt'vires,  what  is  gained 
in  jmwer  is  lust  in  time  and  f{niee. 

85.  FigTire  43.  —  The 
wedge  a  modification  of 
the  inclined  plane. — liis('.'ad 
of  lifting  a  luttd  Ijv  nuiving  it  orer 
an  inclined  plane,  the  same  result 
may  be  ubtuined  by  moving  the 
plane  tinder  the  loail.  ^Vlien  used 
it.  tliie  way  it  is  termed  n  loedge^ 
and  tisnally  coneiats  of  two  incliu^d  planes  joined  base  to  base,  aa 
rn  by  the  dotted  liuus  in  the  ligure. 
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The  hack  of  the  wedge  is  that  face  to  which  the  power  is  applied ; 
the  inclined  faces,  the  aides;  and  the  distance  from  point  to  back,  its 
length. 

The  resistance  may  act  at  right  angles  to  the  sides,  as  shown  by  the 
two  transverse  arrows ;  or  it  may  act  at  right  angles  to  the  length. 

In  the  first  case,  therefore,  equilibriam  obtains  when  the  power  is  to 
the  resistance  as  the  back  of  the  wedge  is  to  its  aide;  and,  in  the  second 
case,  when  the  power  is  to  the  resistance  as  the  back  of  the  wedge  is  to 
its  length.     Or, 

P  :  W  =  back  :  side ;  and  P  :  W  =  back  :  length. 

Hence,  in  the  first  case, 

„       W  X  back         ,  ™.        P  X  side         , 

P  =  r^ ;  and  W  =  — r— j — ;  and 

side  back 

-      ,        P  X  side         -    .,        W  X  back 
,  back  =  r^ ;  and  side  = p . 

And,  in  the  second  case, 

length  back 

.     ,        P  X  length         , ,       ,,        W  X  back 
back  = ^— ^ — ;  and  length  =  p . 

The  great  amount  of  friction,  and  the  method  of  applying  the  force 
in  the  use  of  the  wedge,  render  it  difficult  to  definitely  calculate  the 
power  exerted  by  it ;  but  it  will  be  readily  perceived  that  the  greater 
the  difference  between  the  length  and  back,  the  greater  will  be  the 
force  from  a  given  power.  Including  the  swinging  of  the  hammer  or 
maul,  much  time  and  space  are  exchanged  for  power. 

86.  Figrure  44.— Endless  screw— and  combination  of  the 
five  mechanical  powers. — The  large  cog-wheel,  in  this  figure, 
works  into  a  screw  on  the  shaft  A,  aud  this  shaft  is  worked  by  a  crank, 
which  acts  as  a  lever.  Every  time  the  crank  is  turned  the  screw  will 
turn  the  wheel  the  distance  of  the  width  of  one  tooth.  Hence,  equili- 
brium between  ttie  power  and  resistance  offered  by  the  teeth  of  the 
wheel,  will  obtain  when  the  power  is  to  the  resistance  as  the  distance 
bettoeen  the  threads  is  to  the  sweep  of  the  crank. 

Combination  of  the  five  mechanical  powers. — By  such  a 

combination,  could  materials  of  sufficient  strength  be  had,  there  could 
be  exerted  almost  an  unlimited  force,  but  only  through  a  correspond- 
ingly limited  space. 


MECUANWAL  POWXRA 

It  U  odIt  bj  menns  ur  coinl)ii)(.'d  action  of  tlie  mechanical  povri-nsr 
ihtki  sufficient  force  can  be  e:cerLei!  (o  haul  Tfgs«U  out  or  thu  vaU-r  t'ttt 
TvpairK. 

Fhi.  4-L 
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In  fsUmating  the  force  of  this  engine,  sappose  the  dinieueiuiis  of  ita 
0cvbral  ports  U>  be  as  follotrs: 

Length  of  the  luver  or  crank 18  inches, 

I>iiUnc«  hetwe<*n  threads  of  screw 1  incb, 

Diatn«t«r  of  the  toothed  wheel 4  ft-et. 

Diameter  of  llie  axlo,  L,  of  the  wheel 1  foot. 

Compound  pulley.  T 4  ropea. 

Height  of  incllnud  plane,  II,  {half  its  length) 3  feet, 

Powf-r  upplied  to  h»ndlo  of  tho  onink 10  {tonnda. 

Tlio  sweep  of  the  crank  is  twice  ita  leugth  mnltiplinl  hy  3.1416, 
which  tenuis  113.(itt7f,. 
Then  we  shull  have,  lirsi. 

P  X  BWt-ep  of  crank       10  x  113.0970       „-««.«.  .  ,, 

— ,.    ,  --  Vi i —  =  " — ~-t =  1130.!). 8  J  and 

dte.  bi-t.  threads.  1 

P  X  wheel  racliua       1130.078  X  8       ,,.,0  r....        j 

i pr ~  =  ; =  45*3.004;  and 

axle  radins  ^ 

P  X  mini-  ropes  =  4523.904  X  4  =  18095.filfi;  and 

height  of  plane  2 

Thiw  (allowing  nothing  for  thf  fraction),  10  pounds  would  exert  a 
forae*  of  3t).lf^l  iVjunds;  or  a  power  of  100  pounds,  which  Is  less  Ihan 
Uw  power  of  a  roan,  would  vxvn  a  furoe  of  3Cl.*J10  pounds. 
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CHAPTER   VI. 

(CHART  NO.  3.) 

» 

HYDROSTATICS. 
Diatinguichisg  Fropertiu  of  Solids,  Tlnids,  aad  Gaae*. 

87.  Attraction  and  repulsion. — As  preTioasly  Btated  (23),  it 
may  be  supposed  that  within  all  bodies  there  are  two  forces,  attraction 
and  repulsion.  In  rigid  bodies,  as  iron,  stone,  wood,  eta,  the  attractive 
force  (cohesion)  preponderates,  holding  the  molecules  firmly  together, 
which  causes  the  rigidity.  In  fluid  bodies,  these  two  forces,  being  in 
equilibrium,  allow  the  molecnles  perfect  freedom  to  move  in  all  direc- 
tions among  themselves,  which  causes  thejluidity.  In  gaseous  bodies, 
the  repulsive  force  preponderates,  driving  the  particles  from  each  other, 
wliicli  causes  the  greater  elasticity  aud  compressibility  of  these  fluids. 

Definition.— Hydrodynamics  treats  of  the  peculiarities,  as  weight, 
pressure,  equilibrium,  and  motion,  of  fluid  bodies,  both  liquids  and 
gusos.  It  is  subdivided  into  hydrostaiics,  which  treats  of  non-elastic 
fluids  at  reslj  and  hydraulics,  which  treats  of  non-elastic  fluids  in 
motion;  and  pneumatics,  which  treats  of  the  properties  of  elastic  Jlitida. 

88.  Mobility  of  liqxdda.— Owing  to  the  equilibrium  between 
.  these  two  forces  (coliesion  and  repulsion),  the  particles  or  molecules  of 

liqnids  are  so  free  and  mobile,  that  liquid  bodies  possess  no  definite 
form,  but  adapt  themselves  to  the  shape  of  the  vessels  that  contain 
them.  Liquids,  however,  vary  in  fluidity,  &nd  consequent  mobility ; 
as  between  water  or  alcohol  and  thick  viscous  bodies,  like  oils  and  tars. 

In  viscous  fluids  the  imperfect  fluidity  is  owing  to  a  greater  or  less 
preponderance  of  the  cohesive  over  the  repulsive  force,  causing  their 
molecules  to  slightly  adhere  or  stick  together.  Heat  increases  the 
repulsive  force,  and  converts  viscous  into  thin  fluids. 

With  greater  or  less  intensity  of  heat  the  repulsive  force  can  be  so 
for  increased  (or  the  cohesion  so  far  diminished)  as  to  bring  all  bodies 
not  only  to  a  fluid,  but  to  a  gaseous  condition ;  different  substances 
being  changed  ftom  one  to  another  of  these  states  by  adding  or 
abstracting  heat  (23) ;  as  in  the  case  of  water,  which,  when  kept  at  a 
temperature  between  33°  and  %W  R,  is  a  liquid,  but  if  the  heat  be 
less  than  33°,  this  liquid  becomes  a  solid  (ice),  and  if  it  be  more  than 
ZVa*,  then  it  becomes  gas,  or  an  elastic  fluid  (steam). 
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It  U  mippoaed  that  the  molccnlos  or  nlcimah!  Atoms  of  an  ekutio 
fluid,  like  ilic  air,  are  as  liui-il  and  impeneirable  aa  those  of  any  soliil, 
\\V  idstoiio.     Even  tliough  the  air  offers  so  little  rcjiistjitjcc  to 

oil-  -  |iubiiiiig  tlirmigli  iLf  .v^t  ii  mn  hv  w)  far  (.-uudi-aiii-d  thutt 

balk  for  balk,  it  will  weigh  as  miioli  aa  the  tuctala. 

^,9.  Compressibility  of  liquids. — I'lioitgh  liquitlB  and  gasea 
are  spuktrii  of  oa  nvH-eUiMic  and  elastic  fluids,  yet  the  distinction  la  not 
abMiliiU-,  Diiice  R/Mi(|uidft  puadeM  ttomo  elasticity.  Il  hut  been  sliuwQ 
tliat  water,  hy  twing  stibmitted  to  a  pressure  of  fifteen  tltonsaiid  ]>ountls 
to  '  \".  iacli,  win  bt- cuntpro^-ied  uhout  one  ptirt  in  i\;  ur  about 

3^1  1- ..  .:....iuiitb^  iif  ltd  bulk  for  tacb  utmosjihere  of  its  pregsiirc. 

00.  Cohesion  in  liquids.— Althongli  cohesion  and  repuUion 
otv  ^•kvh  tif  iu  iK-iiig  ill  et[uilibriuni  in  Ii<|uid9.  yet  tfaen>  iii  u  flight 
prep»i)ilcrun(-v  of  eobc^iuQ  ;  as  fibnwD  by  rJi*^ir  giithoniig  and  udhfring 
in  «ma1l  ina«8L-s  or  drope  (37).  Tliid  i&  illustruLed  by  the  mdhud  of 
making  ihuL 

01.  Repulsion  In  grases. — Oa»*s  or  elastic  finidii  have  m  much 
puviHtikdtnuice  iif  the  n'[ntldive  force  existing  betwwn  thoir  pari iclut, 
tliat  [hey  eoniinuolly  dilate;  in  volume,  iiulesfi  t»>uliued  to  a  ceriitiu 
bulk  by  pn-s8na>  (23). 

Water  tuny  Iw  taken  aa  the  type  or  rtpre- 
•eotaliTQ  uf  fluids. and  comiuon  air  aa  tbe  type 
ofgmwA. 


Presiure  of  Liqutda. 

OS.  Figure  1.  —  Idqtiids  transmit 
pTMBura  equally  in  all  directions.— 
If  r  1  bi-  tillt-d  with  WHtor,  and  the  cork. 

N,  :itt*d    to   the    bottle,   and    pressed 

dinrn  upon  the  water,  the  preaeure  will  be 
ttanamittcd  to  the  molecales  in  contact  with 
El :  lliece  molecules  will  preiis  u]Min  llioi>e  next 
ia  |K>aitiuUt  and  so  on,  from  molecule  to  mulc- 

-  -'     ■ ry  dirc«lion.  until  the  preuure  ia 

milt«l  to  every  |Joint  of  Uie  iu- 
trr  of  ttio  bottle. 

v.,  ■  '>■  ••\  it  id  «hown  tliat  the  prewure 

Cliua  tf-.  i   is  cfjual    to  tluit.  applied  to 

-iirfiwie;  that  ia,  the  pR'»- 

..   J.,.-  _,iiAre  inch  of  the  ial«rior 
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surface  of  the  vcsael   is  eqaal   to  that   upon  ft  square  inch  uf  tho 

cork. 

The  direction  of  the  proMnre  is  at  every  ^mt  ^ttrpendicuhr  to  the 
surfitce  of  llie  vease!,  ad  shown  by  the  arrows.     Tliis  Uw  of  LraDflinittiua 

of  prvssiirc  bul<U  good  irrespectire  of 
the  shape  and  eize  of  tlie  vmsc-L 

Tlie  te/iole  theory  of  Ilytlrosfattcs 
depends  upon  thu  principle  of  trans- 
mission  of  presfsure. 


Km-  «. 


0<3.  Figure  2.— Pressiire  of 
Uqiiid  not  in  proportion  to  its 
quantity,  but  to  its  heigrht.— 

In  tliis  vifM.-!,  ui  shown,  tlie  wattr  in 
ihe  *nmll  <iivisioo  or  pipo,  F,  slanda 
on  a  level  with  that  in  the  large  diri* 
aion,  T :  lluis  showing  that  the  large 
cohimii  of  water  presses  against  tho 
small  column  with  no  greater  force 
than  the  email  column  praises  against 
the  large  one.  Ilt'iice,  columns  or 
HcMlics  of  liquids  of  different  magni- 
tiidos,  when  connected  together,  will 
be  in  eqtulibriiim  when  they  hare  the 
same  depth  or  height. 


94-  Fignire  3.— Equilibrium  of  liquids  in  communicat- 
ing' vessels. — A  solid  body  is  iu  e<|ui]ibriiim  when  its  centre  of 
gravity  is  (iiipjiorted.  Iwcause  the  particlfB  of  the  l>ody  are  held  together 
by  cohesion.  In  llqiiidti  the  particles  do  not  cohere,  and  nnless 
restrained  they  would  flow  away  and  spread  out  indefinitely.  A  lif|nid, 
therefore,  can  be  in  equilibrium  only  when  reatrained  hy  a  vesael  or  its 
equivalent. 

Tliis  figure  repreants  several  regsels,  diOcring  in  both  size  and 
ahnpe,  and  all  connected  together  by  the  pipe  N.  If  either  of  these 
be  filled  with  water  to  a  given  hciglit,  tlie  liquid  will  rise  to  the  same 
height  in  them  all,  ns  shown.  Or,  communicating  liquids  in  diGTcront 
TcsseU  will  tiike  a  common  level,  wliatever  be  the  size,  shape,  or  posi- 
tion of  the  vessels,  or  howiver  small  the  communicating  posjuige; 
because  the  pressure  of  liquids,  at  wjual  depths,  is  equal  in  all  direc- 
tions. 

This  figure  is  referred  to  in  oouueotion  with  the  explanation  of 
Figs.  9  and  10  (101  and  103). 
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9o.  Artosian  vrellB.— All  spriogs  and  fonntAinB  illitstrnte  the 
law  or  t-iiuililiriuni  of  Ut|iiiil8  in  communieating  vesenlB.  artesian  wells 
yitxji  the  most  retuarkaltio  examples.  The  frster  ncciimulatep  betwccD 
ro  irojwnriouK  struts  of  the  earth's  crtist,  which  curve  up  to  the  saiv 
of  the  grotinil  like  a  liasin.  SiipiH>se  a  common  bowl,  half  l^ill  of 
,  to  l*c  plm-cd  ill  annllier  a  Httlc  larger  than  ttM-lf,  and  the  e]tace 
'between  the  two  filUsl  with  water.  If  dow  n  tube  be  driven  down 
throa^h  the  dirt  ntid  the  iKittum  uf  the  inner  bowl,  the  water  will  spirt 
_out  of  the  tubf  ubore  the  dirt,  as  high  as  the  level  of  the  water  betweeo 
le  bowla.    Thid  is  a  miniature  Artesian  well. 

06.  FigTire  4.— The  water-level. — The  surface  of  still  water 
unv  place  corre^iwndd  to  a  limited  horizontal  plane.     If,  howerer, 
le  watiT  extends  far,  as  in  case  of  a  lake  or  sea,  the  surface  will  bo 
ral.  and  conform  to  theflha|M'  of  the  earth,  as  shown  in  Fig.  *23  (132). 
■  ioally.  for  limited  distances,  the  aurface  may  be  CMMsiden-d  a 
I   1 1  jilane,  or  a  plane  at  right  angles  to  the  direction  uf  gravity 
or  the  plumb-line 

Now,  us  watpr  in  communicating  rcssels  (04)  aleo  i*eek8  a  level,  tt  Is 
awr  to  construct  an  apparatuit  for  finding  horizontal  lines  and  direc- 
tions with  a  small  and  |)ortable  quantity  of  watcfi  08  shown  iu  the 
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instnimvut  knnwn  tu  ttii>  teater-li-rat ;  wJiUih  wiuutf  of  i«o 
I  tiiWg,  couuected  Ht   riglil   unglrti  wjdi  n  hcinzuiiiul   ttibv.   i- 
thc  figurtr.    Thew  tuWu  uiv  |i*rtl5  tJlKtl  with  water  or  in 
opon  tbo  Burfucv  of  ibo  Hqufd  are  pliicvd  ttua(«,  II,  carnrtug  uprix^ 

t'K'      I 


*ll 


wires,  to  Itii*  podsof  vbich  are  attached  sigiiU,  LL.  wbicb  rouut<>f 
two  liiR"  liiiira  nr  threads,  al  retched  at  right  aiL'  -  upe 

frnmp.     The   iiiBlrunient   is  niountoil  <m  a  slanci:  .  la 

btUI  and  soekc-t  jninL  Suppose  the  instrument  to  Ito  plui'od  in  a  hrtri-- 
scuital  pasitidii  (as  in  the  diiigram),  and  the  dotted  lim',draMn  ihmujcts 
the  sif/hh  to  ihti  i-ye,  will  be  horizontal,  [f  now  tlm  in8trunu-ul  ii? 
lowered  al  llie  lei)  end,  to  corrvsimnd,  for  inDlance.  wttli  Uie  doiuJ 
line  below,  the  lir|^uid,  seeking  a  common  levvl,  will  ritte  in  out-  tube 
and  fall  in  the  other;  thti^t  «uetulniii«  the  eighteun  a  horisohtal  U««: 
The  Hccuracv  will  dept-nd  itixm  the  length  of  the  horlxontal  tnbo. 

97.  Flgrure  6.— The  spirit-level.— This  consifrla  of  a  glaM  lutir. 
FF,  nearljr'  i\\\v*\  with  ulcvliol.  and  iniiK-ddt-d  in  a  [tiecc  of  wood.  X\w 
bubble  of  air,  N,  will  Iw  wioallv  dislant  from  either  end  alim  iW 
tnbe  is  liorizoutaL    If  one  end  be  raised,  na  np  to  the  di>tt«d  Ubv, 

Fio,  5, 


the  fliihl  will  run  Ui  the  lower  t'lid.  and  ihi-  hiiUblf  to  ln<;  hi;;h   - 
Tbta  iiuLrumeuL  ia  chie%  employed  by  buildifn,  to  level  tlieir  * 


100.  Figure  8. -Upward  pressure  ol"  liquids  equal  to 
downward  pressure  at  the  same 
deiVth. — I-^t  E  be  u  vedscl  purtly 
fillud  wiih  w(it«r.  Take  a  tube,  F, 
iritb  ft  movalile  disk  or  false  bottom. 
N,  dtt^tl  water-liglit,  iiiid  lit-ld  to  lti(> 
tMittutii  of  Uic  tulK  F  by  mtfatis  of 
a  cord;  tbea  tbrust  (tie  lubv  duwu 
iuto  the  liquid,  as  eliowu,  aud  k-t 
go  tht>  striug,  and  on  tho  lowpr  siir- 
Cic<c  of  the  fkUo  bottom  N  the  np- 

will  be  equal   lo  the 

f:  ,   oJsurc  on  au  equal  surfuce 

at  the  eniue  depth.  Tliis  is  proved  bv 
!'■  '  '  "  '  if  wu(t.-r  Doir  Ih'  puna-il 
1,  ¥,  ihu  fulw!  buttuui  Will 
ftXX  off  whtu  the  liquid  riee«  to  llif 
MIB«  Ifrwl  fu  that  in  the  ontor  veBa<.-l. 

thv   M|iw<mi   preMnre  of   fluids   ii^ 
callnl  tiirir  buoyiint  rffvrt. 
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101.  Figure  9.— Downward  pressure  of  liquids  inde- 
pendent of  shape  and   capacity  of  containing  veeaels.- 

Tin.'  jtngiiiro  ou  liie  tiorizyntnl   bust-  of  wsk-Is  dti^eiuU  only  ou  th. 
P,^,   g  tiixe   of  tbc    Hurfitiv  [tniHHid. 

low  \\\v  upper  t<u ;  tj» 

li(]tiiil.  Or,  Uin  pn'Mitre  ii 
e'(iml  to  t}tt«  weight  nf  a  eiJ. 
uiiin  nrtbi'  li'taid,  wIiospIa* 
is  tliiiL  of  tbe  vessrl,  ud 
vtinH>  height,  is  equal  to  tiir 
Ueptii  uf  till"  li([uiU. 

I^t  N  U>at)etittube,fiUul 
iiji  to  thft  hori.'i  '  '  'A 
liiu'.   L.  wiih   1.1  .i:4 

let  thu  tbive  Ttwfli,  A,  T.  &. 
of  llip  sanit*  length  nr! ' ;  ■ 
but  Dthcrwi».'  di: 
fihu]>e«J,  Im  fitted  lu  bmtvm  \\ir 
to  tlio  lelt  arm  of  tbo  Ixm* 
tiilie;  and  Y,  u  glwa  liil)'i 
littcd  lo  tlic  right  nrm. 

N  ow.  scTL'W  the  tcwi'I  A  W 
the  luEl  arm,  and  fill  It  Vf 
with  water,  and  the  mcnlBiT 
will  riaf  in  the  right  arm  or  tube  Y,  uuLiI  Uie  two  Hquidi  in  fs 
equilibrium.  Murk  the  rise  of  the  meroury  with  the  dottrd  liu 
Y.  Detach  thf  veusel  A,  and,  iu  tuni,  |iut  on  the  <  "  *"  'Hi 
and  till  them  with  water,  and  it  will  be  found  that  t  ■  .  _     •m 

to  the  Bune  height  in  orerr*  case.  The  ]ierpundiciilar  dotted  lincc  n 
the  thre<e  TeneU  represent  columns  of  water  of  equal  base  aod  bd^lt 
vliioh,  also,  indicate  equal  pressure 

In  Fig.  3  (94),  tbe  vertical  dotted  liuea  in  the  several  vessels  rvpr*> 
eeut,  respectively,  the  columna  of  water  whoso  downward  prcsinre  wiraU 
equal  the  pressure  on  the  base  of  the  several  nssels;  aiid  the  arrolN 
indicate  tbe  direction  of  the  pressure  in  different  parts  of  tfac  TOWth 

102.  Equilibrium  of  liquids  of  different  denBltieft.—Vni« 
liqnids  of  different  densities  are  couiuined  in  cuuinmuicaLiDg  TMnol^ 
they  will  bo  in  equilibrium  whi-n  the  heights  of  Iho  cole—''-  •-■  in 
Tersely  as  their  dcnnties ;  or  {in  Fig.  9),  the  height  of  tli.  .;, 
Y  will  be  to  tbe  height  of  tbe  water  iu  A  as  tbe  douaity  vt  water 
to  thii  density  of  mercury. 
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JOS.  Figure  10.— Fressore  of  a  liquid  is  in  proportion 
to  ita  heig-ht  and  the  area  of  its  base.— Lvt  ¥  mul  K  Ik-  vesst-ls 

equiil  b:i50  uiitl  bfi^lil.  Itut,  in 
orui  anj  raimtitv,  quite  uiiliki-. 
^h  liuTittg  for  A  bAw  II  disk  held 
by  A  wiril  iittm-hod  lo  one  arm 
k  bhiaiicfr,  and  eiistained  with 
rigfatB  on  tho  opjrasitc  arm. 
ly  puiuiDg  irotcr  into  tlie  vfe^iel 
to  a  giren  height,  and  adjudt- 
Ig  Uiv  wvigbU,  iliv  di»k  will  tail 
hy  the  downn'anl  pree&utv  uf 
ie  lii|iiid,  and  the-  weights  will 
licntu  ihe  amonnt  nf  jijvBsnre 
the  hose  at  tho  momeDi  of 
tion.  If  ilic  string  In  F 
L|0  the  arm  uf  llie  hal- 
t'tt(«r  pourrd  into  Ihe 
TBHel,  up  to  the  sarnv  height,  the 
pRBrituw  on  the  Imav,  at  the  uio- 
Btimt  nfitg  scpamtinn,  will  he  the 
same,  though  much  Itea  liquid  is 
l|di)Ted. 

The  reiifon  of  tbJa  is  that  the 

pward  prvuumou  the  surface  L  {shown,  by  Fig.  H,  to  tte  equal  to  the 
ywnirard  pressure),  reacts  on  the  ha«^,  lu  sltuwD  by  the  short  arrows, 
in  the  other  tcssi^I  ihore  iji  no  upirord  presaare. 

principle  is  farther  ilhietniteil  by  Fig.  3  (Qi).     If  tho  secnnd 

on  the  Icfl  wero  cut  off  from  iho  other  ve£seU  and  filled  np  to 

fiiaoet  U  Ihu  pressure  on  the  hasa  would  equal  a  column  shown 

the  untcide  dotted  lines  up  to  the  fiiuoet.     If  ihe  faucet  be  closed 

id  ibo  npper  port  of  the  vessel  W  6ll*-d,  the  presture  on  the  faucet 

vqnal  the  small  dotted  column  V.     But  if  th«  faucet  now  be 

-  1 1  r-^  on  the  lower  base  wilt  equal  Iho  large  dotted  coN 

I  .l;  which  is  «;rM/<'r /Arti»  the  sum  of  the  two  short 

lnmn«,  tbongh  no  water  haa  bci'n  added. 

tj  owing  it)  the  fact  that  in  the  npper  part  of  the  vessel  some 

itioKinntrti  pn^aure  is  supporUnl  hy  the  slanting  sidifi,  il6  shown 

fbf  arrows;  while  iu  the  lower  part,  tho  pressore  on  the  hose  is 

by  the  upward  pressure  on  the  sUoting  iaitles,  an  shown  by 

larpiws. 

■'tte  the  faucet  T,  in  the  central  vessel,  to  hi:  closed,  anil 
.1.  lilted,  except  E£,  above  the  faucet  T ;  then  the  pressnre 
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OIL  the  liaae  of  tbis  central  Qgnra  will  cqaal  tiic  dotted  column  ex* 
tending  the  whole  height  of  the  Te«KL  If  now  the  upper  purt  uf  this 
vrssvl  t>o  tilled,  then-  will  hv  a.  certain  aniutiut  of  prvuure  ou  the  faucet, 
but  if  Uif  Dkuc«t  l>e  opened  it  will  add  no  pressnrp  to  the  base  of  the 
ToucL  This  is  bccauM  the  upteard  pressure  on  the  faucet,  before  it 
waa  opened,  was  just  equal  to  the  datcttttard  preasare  from  the  watrr 
in  H. 

104-  Fig'iure  1 1  .—Pressure  of  liquids  on  the  sides  of  a 

TOftSeL — A?  ti'iuids  trausuiit  piviMurv  iu  uU  <Hreclions  aliki-.  it  fullowd 
that  the  pressure  of  a  liqnid  on  any  portion  of  a 
^'"  '^-  latemi  wall  is  equal  to  the  weight  of  a  oolumn  of 

the  Uqnid.  which  has  for  iu  boM  thii  portion  of 
the  wall,  and  for  ite  hfi^fhl  the  vertical  distance 
frvm  its  oentrc  to  the  sorface  of  the  liquid. 
Uenc«.  lateral  presmre  incivaaes  with  the  depth 
of  th«  liquid. 

To  aenribly  show  side  prcsmre  of  liqnids,  sua- 
pend  a  pail  of  water  br  a  coni,  as  tn  the  figure, 
and  TvmoTe  a  portion  of  one  ado  of  the  vessel, 
nbii-h  Will  dv&(n>r  tb^  eqaitibriam,  and  cause  the 
(nil  to  swing  to  tht*  side  ofipoeite  the  opening,  as 
shown  br  the  dott«xl  tinea.  Werv  it  not  for  the 
iX'tiMAncv  of  the  atmosphen*  ou  the  £tKam.  the 
forcv  with  which  the  pail  wonM  be  moTed  would 
tfqnal  ih^  rei^i  of  a  toolnnui  of  the  flnid.  wbosa 
liase  r<)aaU  the  ofkmiiig:  aad  height,  the  distance 
IWim  the  oeutre  of  the  opening  to  the  snr&oe  of 
xhfe  liquid. 

/<^).  Xlte  total  preoBure  upon  the  walls 
of  ft  TeaaeL— 'rrit«  is  c*^<-lx1  t<>  tb«  weight  of  a 
nttttWB  of  th«  liqaid,  vhnK  bftSF  is  cqoal  lo  the 
«rM  at  tha  sMh^  aad  vtHse  Wight  is  equal  Co  oh^ 
-Wr*  the  dcfrtk  of  th»  Kq«U. 

UHi.  TfeM  «OUl  !» — Ml  a  oa  tka  button  and  aidw  of  a 
vmmL— This  w  <^«al  10  t^  WNgM  «(  tW  b^aid  aau^  to  th*-  bide 
|«it«Mr»:  and  as  lh«  kurtal  pr»«»rv  o«  oa*sM»of  a  rabical  retsel 
veiiM  l«  «M-h*tf«f  iW  «««ght  4»f  «h»  iNyMd.  «a  iWjbifer  skd«A  it  would 
W  Ibar  tiaww  uae  hatt  «r  tw«e»  Ae  wfcih  wi%kt.  —Hag  the  total 
ynwiiPP.  ^M  Ivtn^ai  aaid  N4r«.  thiM  ti»iii  tha  wa^ght  of  the  liquid 
ceatattonl  ia  the  tvaevi 


height.  8 ;  then  ponr  nnt.  most  of  the  water,  letting  the  Imlance- weight 
"EiBiiin,  and  rpplace  the  jnr,  which,  of  course,  ■vril]  not  balance  the 
'Mftit.  If  now  Iherc  lie  inlnjiluccil  into  tlic  jur  a  oyliudrieal  [liece  of 
•■owl,  or  other  solid  siibgtanot»,  a  trifle  Bmall^r  tiuiii  tin?  jar,  crowding 
itdoim  ttntil  the  water  rises  to  it?  ft'rnicr  k-vul.  the  wuight  will  again 
nebiJanwd:  though  the  cvlindor  is  not  in  contact  iriih  tlie  jar,  and 
uifTC  remains  but  a  small  fraction  of  the  wiitor.  Shtiwhig  that,  if  the 
™e  «r  the  TMsoI  and  licight  of  tho  liqnid  rcmiiin  the  some,  the  pres- 
'•"■fopon  the  hasc  will  be  the  same,  irruspi-ctivo  of  the  quantity  of 

\h^i  employed. 

Instill  will  he  the  eame,  whether  a  light  siihstanoo,  a«  corV,  or  a 
iHuIi-riiit,  us  lead,  b«  placed  in  the  jar  ;  the  only  condition  bring, 

tlwt.  in  each  wise,  the  water  glmll  ri?e  t^  the  »me  height. 

The  eylinder  nKTcIy  taking  the  place  nf  the  wntcr.  it  will  hnvp  the 
«ttiP  c-ffi-ct  upon  tho  scale  that  iU  eqiial  bulk  of  water  did.  which  it 
™*  displaced.     Henee,  tho  criinder  may  be  any  body  which  will  dis- 

;  P"**  water,  be  it  solid  or  holfow. 
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lOfi.  Figure  13'.— Practical  use  of  the  principle  that 
liquids  transmit  pressure  in  all  directions  alike. — Suppose 
T  itiiil  I,  (o  In*  jiisloDS  of  e^iiai  *liiiniftt>r,  IUt«I  watfr-liylit  in  cylimlen 
vhicb  are  partly  etibmvrgvd  iu  confined  water.    If  now  th^re  be  placed 

ttpon  the  piston  heads  (T  and  L) 
<^iint  wciglits — say  5  pounds — they 
will  be  in  c'f]ni1ihriiim.  Hut,  if  mors 
weight  be  placed  on  one  of  the  pistons 
it  will  be  depressed  whiltf  the  other 
will  be  raised,  aud  the  equilibrinm 
will  again  be  restored,  when  the 
Weight  of  the  water  in  the  pistonSt 
standing  between  (Iieir  re8]»ectire 
Icvelii,  e«|nals  the  extra  weight* 

Again,  if  the  weights  ore  equal  and 
the  an-a  of  the  pistons  iiueqnal*  the 
equilibrium  will  bo  destroyed ;  tot 
the  reason,  heretofore  shown  (103), 
that  the  pressure  of  liquids  i«  as  the 
base  aud  height.  Hence,  leaving  ont 
weight  of  iluid  aud  friction  of  parts^ 
H  M^^^^^fJ^^HMl^fl  ^**  ^^^^  "^  conditions  of  equilibrinra 

I  P^S^^^B^^^^^BS  liet wiH>n  force  and  rfsislaiice.  acting 

I  H|^9^^^^^^^9i  npon  pistons  through  the  iaterrcn- 

^^^jjjj^^^^^^^^^^^g    tion  or  mcdtnm  of  contiaed  liquids 
^^^^^^^^^^^^^^^^^^     or  fluids,  the  following  formula  : 

Th*  fore*  if  to  the  rtngfaaft  ttt  the  arra  of  ihf  piston  rtctiving  th« 
farce  in  to  thf  area  of  Iht  piston  nctiag  upon  the  resistance. 

Or,  eulHititutiug /N)iP<v  or  P,  for  fore«;  and  weight  or  W,  fur  resist- 
auce;  and  poBter  piston  for  ihe  area  of  the  piston  on  which  the  force 
acts ;  and  teeitjM  piftou  for  iho  area  of  tJic  pi«tun  acLiug  upon  the 
resistance,  and  we  have : 

P  is  to  W  as  potrer  piston  is  to  tceight  piston. 
This  is  th«  principle  employed  in  the  hydrostatic  prcsss  (109)^ 

100.  PIgure  14.— The  hydroetatlo  prees.— This  press  ia 
eitousively  employed  fur  ei.vrtiug  immeuA.*  forcu  through  short  diS' 

t»DC««. 

Instead  of  using  a  high  wlunin  of  water  to  obtain  pressure  on  the 
ftoteer  piston,  for  convenience  a  lever  foroe-pump  U  employed. 

N  YL  is  a  scnuig  fVatue  of  winm!  or  iron,  and  I  is  the  bed-pkic  of  tlie 
pnes,  upon  which  ts  placed  the  object  to  be  pressed^  or  the  redstamoo 
to  be  owrooine. 
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The  bed-plate  is  rigidly  connocted  with  tho  weight  pUlon,  T,  by  a 
largo  shaft  of  iron  ;  anil  the  piston  m-orks  in  a  heavy  iron  cylinder,  £ ; 
into    whieh,  *nd  below  the  pislou,  the  water  ie  furivd  hy  the  poiirer 

Miston   V,  with  the  leri-r  A — this  lever  ami  pietau  constituting  tho 
kx^-pnmp.    The  wnter  ii)  drawn  by  tiie  pump  from  the  cisttfra  or 
ell,  and  furced  into  the  pn.-?.- 
ftnd.     kept    rrom    returtiiii^'. 
irhile  the  pump  ia  rcveiv.Hl. 
by  tneand  of  the  boll  value,  'i 
— itio     pump    value     beiii^ 
shown  at  1. 
^H   Tho  forcv  of  the  presa  will 
^Hcpi'ud  upon  tlic  jwwvr  oC 
^Hie   pnmp  lever.  A.  uud  the 
^^^Ul^iTe  areas  of  the  two  pi** 
tona.    According  to  the  for- 
mula  previously  stated  (108), 
we  have  (omitting  the  advuu- 


toj^  of  the  lever) 

W  ia  to  P  aa  loeigkt  piston 
to  poirer  piston. 

Fur    clearnes!),    suhtitilute 

M  phlon  for  weight  pis- 

and   pump   pUhm    for 

)wer  piston ;  then  we  hnve 

W  ta  to  P  as  press  piston  \& 

pump  piston. 

Or,  including  tho  advantage  of  the  lever, 


W  = 


_  P  X  press  pidtnn 


X  leverage. 


pUHl]!  plfit-<m 

Knpposc  the  pistons  to  be  as  3  to  200  inches,  the  power  lOO  pounds, 
lul  the  leverage  an  LO  to  I ;  and  wu  shall  have,  ua  the  W,  or  foroc  of 
je  press, 

W  =  ^-^°  X  10  =  ^  X  10  =  100,000  ,K,„,u.,. 

Or,  100  pounds  on  the  lever  gives  1000  pounds  on  the  pump  pislon; 
nd  this  multiplied  by  100,  the  HVimhvx  oi  pump  pisSonn  ri-(piiivd  to 
pnil  the  pms  piston-,  givea  lOO.WO  jMiniidg. 

The  above  formula,  of  course,  will  serve  to  find  the  P,  Itvenige,  or 
ilber  piston,  when  the  other  dimensions  are  given. 
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The  cylinder  flhonld  bp  fiimigh(?d  with  a  discharge  cock  (not  shown 
in  the  dixgnint),  to  take  oQ*  the  pressure  after  the  complulion  of  i\a 
work. 

Tliu  hydraulic  proes  is  tho  most  poworful  and  coaTcnient  mecbaDicul 
cn^ne  in  use.  Ita  power  ia  limittid  only  by  the  ativagth  of  the  ma- 
chinery ami  materials  U8i::'d  in  its  construction.  It  is  exten*iively  fm- 
],.k»yed  for  presning  cotton,  h«v,  and  other  substances  into  bales,  raising 
ships  for  rcjiairs,  testing  the  strength  of  cables,  pipes,  steom-boilcra,  elc 

110.  Figure  15.— Bursting  a  cask  with  hydrostatic 
preesure. — To  hirther  ilhistratf  (hut  the  pressure  of  a  liquid  doi^ 
nut  dejiend  upon  il8  bulk,  but  upon  itet  livigbl  and  buse,  Vikv  a  cv^\ 
holding  50  or  60  gallons,  fill  it  vttb  water,  and  into  iU  head  insert  a 
tube.  T,  40  or  50  feet  long.  If  this  tube  be  filled  with  water,  which  JD 
(quantity  need  not  be  more  than  a  pint,  it  will  burst  the  cask,  eiert- 
ing  as  mnch  pi'CAsiire  on  its  interior  ^nrfiice  as  if  the  sides  of  the 
cask  were  extended  up  in  the  direction  of  the  arrows  to  the  full  height 
of  Uu'  tube,  and  tliun  fillwl  with  water. 

This  sei-vcs  to  show  also  tho  upward  presanre  of  liquids;  for  if  a 
6to])-cock  be  inserted  in  the  ujjpL-r  liend  of  the  cask,  and  opened  when 
the  tube  is  kept  full,  the  water  will  spirt  up  nearly  as  high  as  the  tube. 

111,  Figure  16.— Hydrostatic  boUowa.— This  is  still  ano- 
ther in&truntent  to  illustrate  Uie  groat  pressure  of  a  small  vertical 
eultiuin  of  liijuid. 

Thp  Ik-Hows  is  ma«lit  of  leather  nailed  to  two  circular  disks  of 
wood,  baring  a  vortical  pipe,  P,  opening  into  the  interior.  If  it  bs 
filU'il  with  water  to  llu-  wp  i)f  the  tube,  the  upward  and  downward 
pn-ssure  on  the  disks  will  i-(iual  the  weight  of  a  column  of  wator  whose 
base  is  etinal  to  the  face  of  the  disks,  and  whose  height  equals  that  of 
the  tube. 

A  pint  of  water,  in  this  instrnment,  may  be  made  to  elevate  thon- 
eands  of  pounds.  The  arrows,  if  extended  as  high  as  tho  tube,  would 
show  the  size  of  the  column  of  water,  whoso  weight  would  equal  the 
pressure  on  the  disks;  or,  Uie  pressure  on  one  of  theso  disks  will  be 
to  the  weight  of  the  wat<>r  in  the  tube  as  tho  area  of  one  of  the  disks 
is  to  the  area  of  tlie  tube. 

Striking  efTecIs  of  the  prcsmro  of  water,  by  its  own  weight,  are  ex- 
hibited in  the  ocean.  A  strong  square  ghws  bottle,  empty  aud  ftrnik 
curked,  wil!  hare  its  sides  crushed  in  by  Iteing  sunk  in  water,  at  a 
depth  less  thau  sixty  fevt.  Divers  cannot  descend  far  below  the  hut- 
face,  and  cren  fish  cannot  descend  beyond  a  giren  limit,  in  conse- 
quence of  the  iuci\'ttb*'d  pressure  of  the  water. 


112.  Figure  17.— 
Hydrofltatic  pressure 
in  mountains.— S II  [>pasfr 

L  to  represent  a  ^mall  pool 
of  wAWr,  or  oolj  s  tew 
yards  in  eitcnt.  but  BeviToJ 
liuudrtU  fett  bclvw  tin;  8ui^ 
idisx  water,  at  W ;  oad  F  & 
6niul]  paitSAge  leading  fVom 
W  to  L ;  then  tlie  preasure 
un  the  pool  of  water  wonld 
\)i'  t^iiial  to  tlic  weight  of  a 
coluran  of  water  whose  base 
is  equal  to  the  surface  of  the 
jHKil, 'and  wliOM)  height  is 
t^ual  to  the  dietanci!  from 
I.  lu  W.  Of  course,  it  m«t- 
U-rg  not  how  shallow  be  th« 
water  in  the  pool,  or  bow 
^mall  the  strcuun.  F,  that 
li  i^  uot  iiiL[ir>.';-..iv>k  i-.niX  luouuiaios  hare  thus  been  rap- 

IJo.  Fig-ure  18.— Sabmerg^ed  bod- 
ies not  pressed  in  all  directions 
equally. — 'Suppose  a  cube  to  be  iranicnied 
tu  Matvr,  as  shown.  The  opposite  lateral 
face«  will  U>  etinallr  pressecl.  and  in  opix>sitc 
directions,  as  indicated  bv  the  arrows. 

The  lower  Bide  will  be  luessnl  upwart)  by 
a  faroe  equal  to  the  weight  of  a  columu  of 
the  liquid  who?e  ba«?  is  tiuu  of  ilie  ctibe, 
and  whose  height  is  tlie  dislauce  from  its 
lower  face  to  the  enrfaoe  of  the  fluid.  The 
prx'ssure  ou  the  up[x*r  face  will  Iw  downwjud, 
and  equal  to  the  wvij*ht  of  a  coIuniD  of  the 
liqtiid  latemllr  as  large  as  the  cube,  and 
whos(>  boigfat  equals  tbe  diataace  from  the 
lup  ^le  of  the  cube  to  the  surface  of  the 
liquid ;  and  the  resultant  of  these  two  press- 
urx-s  is  an  mpteuni  force,  equal  to  the  weight 
of  a  TOlunte  of  the  liquid  eqmralent  to  thaU- 
of  iIk>  cubr. 

This  upward  preeure  ii^c  {miipaH4  tfforfi 
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or  tW  fluid.  Ileuoc.  a  submerged  body  dupltuea  a  quantity  of  fimd 
HiHai  to  ita  ofcn  dttU;  ohU  loses  a  portion  of  it$  weight  equal  to  that 
0/  the  fluid  Hisptaced  by  it. 

Specitlo  Gravity. 

114.  Specific  cavity.— By  apt-cilic  grarity  of  a  body  is  muant 

veiglit,  compun-ii  with  that  of  another  Ixnly  or  thu  same  ningiii- 

le,  uuimcd  as  a  Btundard,  or  it8  reUtivc  weight.     Distilled  water,  at 

60*  y^  is  taken  as  the  Btanijard  for  solids  and  1if|nida.     It  a  cubic 

inch  of  gold,  for  oxam}di*.  Wfij,'lia  ID  oiiiuh-'S,  jiiid  &  culjio  indi  of  water 

1  DUDcr.  it  fihowfi  tlttit  the  n.-lative  weight  of  -KiiUn-  and  gold  is  as  1 

19;  or,  that  the  sjKcitic  gravity  of  gold   is  19,  beiug  19   timea 

■Tier  than  wat«r. 

Uo.  Figure  19.— Method  of  finding  specific  gravity  of 
itoUda.— Thu  body  (if  Tiot  iigbtL-r  tUaii  wiiUr)  ii  sufipcitdcd  by  u  hair 

Fkv    IB 


^Waflbre  of  ailk  to  the  sciile-beani,  and  wt-igliud  out  of  water,  in  thfi 
f'M  shown  in  the  figure,  wlier^  ita  weight  is  y  poiinds.  It  is  tlien 
y^i^  in  water  (by  lenffthoning  the  string),  wliere  its  weight 
"  C  ponnils,  showing  that  the  loss  is  3  poiuids.  The  Imlk  of  tlio 
Taler  (liipUoed  (shown  between  \V  and  3)  is  equal  to  the  bulk  of 

libo  body,iujd  wcigha  3  pouuds  (shown  by  the  loss  of  weight  in  Ilia 
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object) ;  therefore,  tho  bod;  is  as  many  times  heavier  than  waUr  «s  3 

is  cuntainvi!  in  9. 

Hri.£. — Divide  the  weight  of  the  body  out  of  water  by  the  loss  at 

weight  in  water.    Or, 

,,  weieht  out  of  water  9       „ 

Sp.  gr.  =  i ^ — ^-rr~- 1-  t  o^  3  =  3* 

•^  "  lo8B  of  weight  m  water  3 

For  noHds  lighter  than  icnter. — When  the  body  ia  lighter  than  wai< 
it  must  be  uUachcd  to  suoiu  guild  (whose  weight  iu  air  aud  water  is 
known)  sufficiently  dense  to  sink  it  in  water.  The  compound  mow 
being  weig-hed  in  air  and  water,  and  the  loss  dctciinined.  subtract  the 
loss  ol'  the  heavy  body  from  the  loss  of  the  oomponnd  budy,  and  di- 
vide the  weight  of  the  light  body  in  air  by  the  difference  of  these 
losses. 

K.NAUPLB. — A  Bubstance  weighed  in  air  300  grains  AttaduHl  to  a 
piece  ijf  copper,  it  weighed  in  air  2247  grs.,  in  water  1620  grs..  suffering 
a  loss  of  <)27  grs.  The  copper  itself,  when  weighed  in  water,  lust  330 
grs.     Ditforeuco  of  losdes  is  WS?  less  '^30  =  397  ;  then  we  have, 


»P-  P-  =  837^:^  =  '^- 


Fhr  Hfjuitig. — Select  some  heavy  bodv.  aa  a  cubic  inch  of  lead,  an< 

weigli  it  in  air.  tlieii    in  wnter,  and  finally  in   the  liquid  in  <|U*'8tion. 

Subtract  the  stMjond  and  third  weights  from  the  first  separately;  and 

F]<i.  iO.  ""^  results  obtained  will  be  respectively  the  weights 

of  a  vulume  of  ivaier  and  of  the  li«juid,  e»[ual  lo  lliat 

of  the  cube.    Pivide  the  latter  by  the  former,  and 

the  quotient  will  be  the  specific  gravity  re<|uired. 

I  Snp|wse  the  cnbc.  weighed  in  water,  loses  263  grs., 

anil  in  hIcoIioI  only  204  gre.;  then  the  weight  of  aX- 

coliol  and  water  will  be  to  each  other  as  these  losses, 

I      or  lis  2o3  io  204 ;  or,  the  up.  gr.  of  alcohol  is  204 

divided  bv  2u3  =  .809  +. 


J  JO.    Figrure   20.  -  Specific  gravity  of 
liquids,  continued— Hydrometer.— The  hy- 

ilrimit-U-r  is  an  instrnnient  by  which  the  specific 
gravities  of  liquids  arc  ascertained  from  the  depth 
to  which  the  iiiBtmment  sinks  Iwlow  iho  aurface. 
Ii  consiislti  of  a  light  ghus  tulH*  with  a  hollow  boll 
or  float,  L,  attached  to  one  end,  and  on  the  ball,  op> 
po!>ite  the  tube,  ia  fastened  a  small  piece  of  metal, 
r,  to  keep  th«  anstruueut  upright  iu  tfao  lii^uid. 
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Within  the  tube  is  a  printed  graduated  scale.     The  scale  is  made 

tHu»:  the  intitnimeal  is  adjiiuied  tn  sink  /«  wnler,  iiji  to  the  point, 

my,  midway  from  the  ball  to  the  top  of  the  tube.   This  point  is  marked 

I  ou  Uiv  tube  (water  being  the  standard),  uiid  itbuvu  and  buluw  tbis 

tnarV  others  are  inudt;,  which  iodicuU",  in  wrUjIil,  t^niins.     For  coure- 

niencc,  ifaerefore,  the  1  \a  marked  1,000,  standing  for  t.OOO  grain e,  a« 

the  veight  of  water.    Above  this  the  numbers  decrease,  and  bclovr, 

(nrraoae. 

Sow  if  ibe  instrument  be  placed  in  alcohol,  winch  is  lighter  than 
vater,  it  vitl  giuk  down  to  .80^,  which  Indicates  tliu  epeoitlc  gritvitj. 

In  A  liquid  heavier  than  water,  it  would  sUud  higher  than  1,  or 
LOTiO. 

The  Kpeci6c  gravity  of  liquids  of  comraeroe,  afl  alcohol,  acids,  sohi- 

UoM,  milk,  etc,  being  well  c-8tal>lishcd,  this  instrument  becomes  a  con- 

^MTrniviii  means  to  determine  whether  or  not  they  have  been  diluted 

^Hwiib  vuut,  or,  in  many  catk^s,  uiherwisc  wlulterated. 
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/ 17.  Figure  81.— liiquida  of  unequal  density  seek  dif- 
ferent levels  in  tlie  same  vessel.— If  iwu 

nr  more  IkjuiiU,  which  du  not  chemically  or  me- 
piiaiiirally  unite,  are  poured  into  the  same  vessel, 
tlier  will  adjust  themselves  one  above  (mother,  in 
the  tnivT  of  their  resiJective  B|wcific  gravities ;  the 
bwTim  falling  to  the  bottom,  and  tbe  lightest 

wcg  to  the  top. 

The  fi;;ure  represents  a  glass  jar  Crtntaining 
^K6  hqiiida  of  unequal  stiecifie  gravities;  via.: 
oiMWiy.  water,  and  oil. 

It  is  in  accordance  with  tliis  principle  that 
cnaoi  rises  on  mitk.  oil  on  water,  etc. 


118.  Figure  22.— Principles  of  flota- 

tioa.— Wlit-'ii  a  body  is  phinfjcd  into  a  liquid,  it 
liirgtti  downward  by  its  weight,  and  upward  by 
'h':  baoyaut  effort  of  the  iiipiid.  Tbrt'e  ciieea 
""T  ftrise,  depending  on  the  relative  intensities 
»rUic»  forces :  lat.  when  the  density  of  the  body 
^u ynvi/er  than  that  of  the  liquid;  'id,  when  the 
dtrof  the  body  is  fcss  than  that  of  the  liquid; 
■•Oil.  Zi,  whftn  the  density  of  the  body  and  liquid  are  fffiinl. 

^Vhen  a  floating  body  comes  to  rest,  the  plane  of  the  iipp<T 
o^'hi!  liquid  is  called  the  pinm  offiolnfion. 


surface 
Wlien  a  body  is  so  ahaped  as  to  displace  move  than  its  bulk  ofliquitl, 
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aa  ill  Uit!  cue  of  m  boUow  dish,  it  may  tlout,  tbongh  the  density  of  ibe 
material  bt<  many  times  greater  thau  thai  of 
the  liquid.  This  is  ibe  case  with  irou  ahijis; 
The  "  Gniat  Eastt^rn,"  though  it  is  the  heaviest 
muvable  ubject  iu  the  world,  aud  muUo  ur  tiuii, 
is  08  buoyaut  and  light  on  the  wuicr  as  a  bam- 
boo stick. 

The  figiiw  is  a  toy  to  illuati-ate  the  prin- 
cijiIPB  of  flotutioD.  The  hollow  bull,  when 
partly  tilled  with  water,  and  fusteoed  to  the 
uiutallic  ficili.  is  adjueted  to  float  juet  below  or 
n(  the-  stii'face  or  the  water;  that  is,  so  that 
the  sjieciBc  gravity  of  the  apparatus  will  just 
vi\u&\  That  of  the  water;  and  the  jar  covered, 
uii'-tight,  with  a  rubber  or  some  other  ulastio 
o&p. 

If  now  the  cap  be  pressed  down  with  the 
fingers,  the  air  above  the  liquid  will  be  com- 
pressed, and  the  prcEaurc  communicated  to 
the  water  (aa  indicated  by  the  arrows),  thence 
to  the  air  in  the  ball,  which  will  be  compressed 
by  the  wat^-r  being  driven  into  the  tmal)  open- 
ing on  the  lower  eiili>  of  the  ball,  which,  of  course,  increases  the  weight, 
or  rather  diminishes  the  buoyant  effort  of  the  toy,  and  thus  caueejs  it 
to  sink  m  the  bottom.  If  the  pressure  on  the  cap  be  removed,  the 
elatiticity  of  the  air  in  the  ball  will  drive  the  water  out  of  the  openiug, 
and  8o  increase  the  buoyancy,  when  (he  toy  will  again  rise  to  the  sur- 
face. 

This  is  similar  to  tlie  process  in  fish,  tliuir  '^ air-bladder*'  taking  that 
placo  of  the  bfkIL 


CHAPTER   VII 

(CHART  NO,  i.) 
PKEUHATICS. 

119.  Deflnltionfl. — Pneumatics  treats  of  the  properties  of  fh 
Jluidg;  which  nmy  be  divided  into  two  classes,  f/aseit  and  vaporn. 

In  gas<»,  the  molecular  force  of  repulsion  (23,  23,  88,  91)  prevai 
over  the  force  of  Attraction;  and  iu  permanent  gases  this  force  hi 
never  been  overcome. 
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ilifTiir  fVom  gases  obieSy  m  thut  Uicy  am  produced  bj  the 
Lien  of  brat  DpoD  liquidK  (as  steain  fhim  wutcr),  and  by  thoir  Ktora- 
i^  agttiu  U)  tht'  liquid  state  by  loss  or  heat. 
TetuwH  is  an  oxpreasion  Tor  Uio  lendeucy  of  a  gaa  to  expand. 

2^0.  OaseSf  aimpla  or  compound. — Of  tb«  tbfrty-fiinr  known 

four  ouly  an-  Bitni)lc   or  ctemi'nUuy,  viz. :  osygeit.   nitn^u, 

?n,  and  chlorini'.    't'lia  first  tfarpt'  of  i.lif»-,  tojioilicr  with  the 

)und  gB»«,  oxyd  of  carboa  and  byjioxidc  of  nitrogcu,  are  Ibo  ouly 

Wform  bodie*  whicb  ham  not,  by  cold  and  preasniv,  bwii  rwliiced  to 

|ut<]  or  flolid  0tat«.    Ilc'ucb  Ibi'y  aiv  tt-Tmud  ptrmnrnM  or  t'nco- 

Brjiangion  ig  the  most  characteristic  propcrqr  of  gaacs  :  and.  for  all 
»aSsp{lt>n^^  this  molecular  force  would  dilute  them  iudchnitely  through 
fpaci*,  were  there  no  counteracting  caiuea 

121.  Mechanical  condition  of  giases. — Perfect  freMlom  of 
motion  among  tbeir  particles,  and  being  also  eUstic,  pondembtc,  and 
iI>onc(rubIt,>,  it  follows  thut  all  the  characterisUe  profiertiee  of  Ii'|uiils 
>ply  also  to  gates.  Uence.  they  trauunlt  preesure  iu  all  direclioiu 
ike,  hare  buoyancy,  inertia,  specific  gravity,  etc. 
AtmogpbeHc  air  U  the  type  of  permauent  gaaee,  and  is  employed  as 
standanl  of  weight  for  gases. 


Atanoapherio  Air. 

12S.  Figure  23. — The  atmospheric  air  an  aerial  ocean 
ITOlOping  the  earth. — Thid  diagram  shows  the  globular  form  of 
lATtb,  it-s  urit^viru  liurrace,  and  the  tvlalion  of  its  surface  to  the 
tcr  and  atmosphere  The  land-uurfiice  of  the  earth,  instead  of  being 
ax  might  be  ahown  by  the  tme  interior  circle  of  the  figure,  is 
m^h  and  jagged,  aa  illustrated  by  the  line  drawn  al>0Tu  and  below  the 
water.  The  inequalities  ahown  by  the  figure,  however,  are  immeofiely 
exaggerated.  .Mtout  three-quarters  of  Um  earth's  surface  is  covei-ed  with 
wmlar.  Ailing  up  iU  ineqnalitiea.    Yet  there  are  mouutains  extending 

Qie  I' "  the  water;  and  when  the  earth  is  viewed  within  the 

;  of  vision  it  aeenid  to  be  exceedingly  rough  and  uneven. 

pet,  ivlalirely  to  it«  iixe,  it  i«  smoother  than  an  orange ;  and,  oon- 

ing  ita  rlaxtic  or  atmospheric  envclii]>o,  its  surEhce  is  relatively 

than  rrUet,  and  smoother  than  {Hilidhed  steel. 

If  Ttaioo  Doukl  extend  frrim  the  eye,  iu  the  diagram,  to  F,  it  would 

iaikf-  in  tu       •     >-tops  thousands  of  milee  apart:  but  when  it  is  con- 

Xh.  .<-~iauce  boiwi-vu  the  two  mdii,  drawn  Crutu  £  to  X»  ia 
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over  B  thongand  miles,  it  is  plain  that  vitbin  the  reach  of  vision  (eaj^ 
twenty-five  to  thirty  miles),  the  surface  of  the  water  wuutd  a]>|)ear  to 
bu  a,  horiKuntul  pluue.  iusteud  of  a  i>ortioD  of  a  sphere. 

The  outer  circle  in  the  figure  rupn.'setita  the  limit  of  the  atmo8]>her<et 
but  iU  distuuce  from  the  luud  aiid  water  surface  of  the  earth,  relatirel; 
to  the  8ixe  uf  the  drawing,  is  far  too  great 

Fio.  23, 


123.  Height  of  the  atmosphere.- 

:-ud  more  llian  lifry  niili-^  inini  the  litiid 
tivclj,  it  is  a  mere  film  on  the  face  of  the 
globe  it  would  be  lesa  than  an  eighth  of  an 
most  dense  ai  llui  siirfaee  of  the  earth,  and 
fied  at  its  greate£t  altitude.  Yet  it  is  held 
equilibrium,  aguiust  its  elastic  or  repulsiv 
though  the  earth  is  muring  arouud  the  sun 
an  hour,  the  atmojiphere  is  not  disturbed, 
meet  with  no  resistance  in  jpaoe. 


-The  atmosphere  does 
and  water ;  thrjefore,  reU? 
earth.  On  a  twelve-inch 
inch  in  depth.  It  is  the 
becomes  exceedingly  rate- 
to  the  uarth  and  kept  in 
e  force,  by  gravity.  And 
at  the  rate  of  68,000  miles 
showing  that  the  planeti 


124-  Oompositioxi  of  the  atmosphere.— Air  is  chiefly  eora- 
pojed  of  the  two  incoercibh-  iixuv^,  iiiin)gcn  and  oxygen,  in  the  propop- 
ttou  of  79  |iarts  of  tlie  former  and  21  parts  of  the  latter. 

Though  oxygen,  when  thus  mixed  with  nitrogen,  supports  anii 
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life  and  combuBlion,  it  would,  of  iteolf  alone,  w  •'"'  '-< 

mtensify  comlmstion  and   thi>  nnimal  function!!, 

to  destroy  lir«.%  und  burn  uji  the  world;  while 
litPOg»'n,  of  itself,  would  not   support  life  anil 
ootnbn^tion  at  all.    Henoe,  the  pnrposc  of  nitr»- 
^*ii  se«.'m3  to  be  to  dilute  the  oxygen. 

Ri'gpiration  of  animiils  and  uombustjon  coii- 
Butnc  oxygon  and  supply  carbonic  nnid.  while  the 
j^rtjwth  wf  vpgi'tables  consumea  carlK»nic  iicid  ami 
t ii rows  off  oxygfu.  The  air,  liierefun?,  contains. 
bcflitlt'a  oxygen  and  nitrogen,  sniiill  qniuititi(\s  of 
Carbonic  acid  (from  I  to  2  parta  in  tj.uon),  nnd 
ttl&o  variable  qurintitiea  of  vapor  of  water  (with- 
nut  Thich  WR  could  not  breathe  it),  and  trachea  of 
ammoma. 

1-2.!S,  Figure   24.— Impenetrability  of 

gases. — Lvt  W  be  a  glues  jar  partly  tilled  with 

u;iti.-r.  and  A,  a  glass  cylinder  «-ith  a  faucet  at 

the  top,  as  sbnim.    If  the  faucet  be  clo8e<l.  and 

the  cylinder  pushed  to  the  bottom  of  the  eontain- 

ing  vessel,  the  water  will  rise  higher  outside  than  inside  the  cylinder, 

owing  to  the  impenetrability  of  the  air  within  ;  and 

i-(|uiLibrium  will  be  established  between  the  elasticity 

of  the  ttir  and  the  upward  pressure  of  Uio  water.    11 

llit^  fitiicet  now  be  opene<l,  the  air  will  esciipe,  and 
the  water  will  riae  vithin  the  cylinder  until  it  tinds 
aoommoD  lev«]  in  the  contaitiing  vessel;  showing 

ihul  il  woa  tht!  ruaiHtaiieu  of  the  air  that  ki'pl.  ilie 

rater  frum  risiug  before  ihe  faucet  was  openc-{l. 


7 JC  FigTire  26. — Preaaure  oriweight  of 
tlie  atmospbere. — I'it  into  u,  stmng  jj^luf^s  cyliu- 

d«r  a  piston,  provided  with  a  valve  oiK-ning  oiiiward. 
^and  crowd  it  down  to  the  hot.ton]  of  the  cylindi-r. 
it  IB  pushed  down,  the  air  in  the  cylinder  will 
ipeu  and  pasy  throngli  the  valve,  as  lihuwn  by  the 
rruw.  When  the  ]iiiilnn  liu^  reached  the  bottom  of 
je  cylinder,  the  valve  will  clost'  by  it«  own  weight. 
"Tf  now  Ibf  piston  be  dniwn  up.  no  air  can  lind  it* 
Way  into  the  cylindt-r  K-low  it,  conserjuently  tli.ri- 
can  be  no  upward  pressure  of  air  acting  npon  it; 
and  as  the  prestnire  on  the  nppi-r  surface  can  1m;  u^s 
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countvil  for  only  by  tlie  downward  presauro  of  the  air  (shown  by  the 
Small  arruwd),  it  is  taken  for  ita  weight ;  which.  It  has  been  found  by 
experiment,  is  15  }nmndi>  to  the  fquare  inch,  at  the  level  of  t-he  aea. 
HencfiT  ^  iluida  piv^s  in  all  directiotia  alike,  tht  pressure  of  fhe  atm<>' 
sphere  vpan  every  ohjoct  in  every  direction  is  equal  /o  15  pounds  per 
tqunre  inch. 

The  surface  of  the  human  bt>dy,  being  about  2,000  square  inches,  ia 
eubmitted  to  an  atmospheric  pressure  of  30,000  jjoimds,  or  about  12 
toua;  which,  of  coiiri»%  could  not  be  etiittained,  otily  that  it  pressea  iii< 
temally,  externally,  upward,  downward,  and  laterally  alike. 

Every  physical  pore  of  all  organic  (Structures,  animal  and  vegetable, 
all  the  pores  of  the  ground,  every  nook,  hole,  and  crevice  in  the  rocka 
and  hills,  are  thus  filled  with  aud  preaticd  by  the  atmoBphcro. 

1^7.  FtgTire  26.— Compreaslon  and  expansion  of  the 
atmoaphere.-— Provide  a  oirong  cylinder,  X,  hawng  a  faucet,  T,  ai 
the  bottom,  and  a  tightly- fitted  piston;  ent«r 
the  piston  at  the  top,  and,  by  pressing  it  down 
witli  BuIKcieut  force,  ilie  air  within  can  be  com- 
pressed into  a  hundred  times  less  than  it«  usoat 
bulk.    Air  is  found  to  be  comjiressilile  in  pr^»- 
portion  to  the  force  employed  ;  th:it  is,  the  biilt; 
(if  a  given  weight  of  air  is  reduced  to  otie-hair^ 
by  doubling  the  original  pressure,  to  on6-Mi>ca 
by  trebling  it,  and  80  on. 

ETpansioji. — Open  the  faucctj  T,  and  drir  « 
out  most  of  the  air  by  cniwding  the  piston 
duwu  to  within  an  inch  or  go  of  the  Ixjttoin  o  -t 
the  cylinder,  then  close  the  faucet  and  draw  iIk. 
piston  up,  and  the  email  quantity  of  air  wi 
ex]iaiid  and  lill  the  entire  cylinder. 

It  is  found  that  the  air.  when  il9  usual  prci 
i>nre  is  diminished,  expauda  in  the  eame  mti 
that  it  condenses;  that  is,  if  haif  the  pressui 
i-^  removed  from  a  given  wright  of  air.  it  wi  J/ 
oi'cnpy  twice  t!io  epuce  it  did  before;   if  sub- 
jected  to  onc-/Airrf    the  ilrnt    pressure,  three 
times  the  space  ;  and  bo  on.    Air  has  been  condensed  27  Utnes,  an<i 
ex])anded  11^  times.    &e«  147. 

128.  Figure   27.— Air-pump,  receiver,   and  vacuum.— 

The  air-pump  is  uu  apparatus  tn  diiiw  the  air  out  of  vessels.    The 
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»l  ao  frxhanBt«d  is  called  a  receirer ;  And  the  spuco  within,  thua 

{v«d  of  air,  ia  termed  a  vacuum. 

tu  ih^  figuH'.  the  inverted  gliw?  vessel,  W,  i»  fh*  rpcvivi-r.  fUtJng  »ir- 

iht  on  a  KoiiHith  aurfatv,  calk-il  the  ptah.     In  this  jiltite  10  an  aper- 

iAto  which  is  fastened  a  pipe^  I.  that  coramDuicBtce  with   i\» 

.■  N. 

>  RATIOK. — As  the  pistoQ  is  druvra  ap  to  I/,  the  upper  tuIvc  (ait- 
nstcil  iti  the  centre  of  the  piaton)  cloaca  by  its  own  weight  and  duwn- 
w«rd  preftiure  of  tho  air.  and  the  downward  pn>8»nre  on  thv  tower 
nlic,  T,  Iti'ing  thaa  removtd.  the  air  in  the  rectdvtT  will,  hy  exjjanaion, 

Fio.  37. 
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^  tad  piufi  throngh  it;  as  shown  by  the  arrow  poEuing  into  tho 
P^VmI  Ihroa^li  llie  valve.  Kow.  if  \hv  piston  be  puflhfd  ilntrn,  the 
''VtrTidTc  will  c-]i><w>,  and  the  diluted  air  in  the  pnn]p  will  he  com* 
l*tanl  and  ptum  through  the  upper  valve.  By  again  raising  tJie  piaton. 
'''  "        '''II  In- fiirlluT  I'xiuiuclfJ  :  and  «>  on  :  until  thi- 

■  li.  that  it  will  uo  lougvr  oyivu  tliy  valves,  wlu-u 
mnft  oeaK.    The  pump  does  not,  therefore,  produce  a  per- 
lam. 


JS!).  VmriooB  phenomena  in  vacuo.— The  nnlighieil  lamp 
kihe  rw»ri»er,  indicates  that,  without  air,  there  eaii  \k  nii  cmnbux- 
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lion  ;  tbo  doMct  bird,  tbat  witfaoni  ta 
tlierv  cnu  bv  nojiighl  or  uHtmal  Hft 
Ltic    coin     iiud     ri->atbt>r,    ttuu    ui   s 
vtu'UUlU,  liijht  ami  Uvuny  bvtlin  wiS 
fall,  fry  /or«  of  grafit^t  «•!'*  «f**' 
rapitiily  ;  l\\ii  invcrli-^I  flttnV  ■  *  - 
tlmt  without  tbp  iloM'nwutl  . 
or  tiiH  air  on  litiiitds,  th*  **f«ch9rt-'' 
pump  teitl  Hoi  operale, 

J.JO.  FigTire  28.~Preflsun 
of  air  equal  in  all  directioDS 
ahown  by  hollow  hemispberw. 
— This  ttpiKiniliiet  conxjstd  of  int 
bnit!ii  bimispbcri'S,  titu-d  lo  tar^ 
otbiT  iiir-ligbt,  and  prurldcd  wiOi 
bnnciles.  IiilhL-ati.i  '  f  '  "  .  ■' 
(iruiivuf  them  isa  lii'  ^  , 

11,  to  couucct  tboiu  wilh  tfaa  si^ 
puinj),    Havhig  plac^^l  tbt-m  '  ■_ 
mill  aKiwlui!  ihem  U>  the  i...  . 
honat  thu  air.     It  will  t^en  re^tuirr,  to  sqmrato  them,  a  foree  tquai  w 

IG  poniuU  to  the  iii|nare  iuch  or  [lie 
snrface  bflwwa    tbcm.     Thiii    is  '!>• 
ca«'.  wliivhever  side  up  tbc^'  uv' 
which  proTCs  that  the  pr-'^- 
utnioepbt're.  which  lioUU  tl 
ie  the  same   iii  nil  din-ctivu*.     Ih^i^ 
hfrniffphoivfl  haro  boon   modt*  *o 
as  to  rvqiitrb  flfiwn  horaea  od  etch 
to  draw  them  a>iiinilfr;  jvt  bj  uprni 
till-  fiiDCvL  tliL-y  wuuld  fiiU  npun. 


Fio.  29. 


/.I  7.  Figure  38. 
fountain.— This  coustfto  uT 
{t;lobM.  the  upper  am  bcin^  open  il 
lop.  and  rnmubed  »ith 

lubtslhu  tuW  being opoii  ii 
iind  rvuchiiig  nearly  ui  the  bfi 
ibf  lower  jflulM-.    Tiiu*  lo»'  ^ 
iii'ttTly   P.Ik*d   with   oobtnii 
up|HT  ouc,  with  Uio  pipe,  ia 
to  it,  and   (with  faUcoL  oi«n]  pi 
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Under  the  receirer  of  tlio  air-pnmp,  as  seen  in  ilio  ^''O'  -"^P- 

figure. 

If,  uow,  the  air  be  cxliauetwl  from  the  retvivi-r,  llie 

nil  alwu-  the  wiiu*r  in  thf  lawi-r  jrlntic  will  i-xpuud 

&nd  prcea  opon  tlic  wiiu-r  (ns  ahowu  by  the  arrows), 

sadtlrive  it  np  through  the  pii>e  into  the  tipiwr  gluW. 

llriitlt)^!!!^  i\w  receiver  to  be  lillud  mKU  uir,  tln.^  water 

vA\  \yx  its  grarity,  return  agtiiu  lo  ihv  lower  globe. 

UpntcMW  can  be  re[>eated  any  nunilKT  uf  limea. 

/.fi^.  Figure  30.    Atmospheric  pressure. — 

tvuies  with  variations  of  altitude.  -Suppose 

■iigtiri' Id  reprvHeiit  a  tiiW  riitit  K-«>  tliiiri  Ibirty-five 

long,  liuving  a  tighlly  Qlti>d  piston,  with  a  rod  or 

udieiw  long  m  the  tube.    J^>t  tht-  lower  end  of  the 

Ik  iitlo  water,  so  that  the  wut«r  will  be  in  contact 

I  tbe  lowvr  side  of  tlie  piston.     !f,  now.  the  pislon 

!tln*n  up  by  ibi-  bundle,  it  will  ninovi-  the  rlown- 

*inl  {iri'SHurc  on  the  water  teithtn  the  tube,  and  the 

luiTiird  pr\-f»£urc  on  the  water  ou/atde  the  tube  will 

iliip  under  the  piston,  as  shown  in  the  lignre, 

mil  the  weight  of  the  column  of  water  will  (.'c^ual 

atnioepheric  pressure,  which,  as  heivtofoiv  shown*     Hijijnm^ 
|l$;|N>uiid!t  to  tbi:  mpmre  inch. 

jtteight  to  whicit  the  water  will  tluia  rise  is  about 

ft  ini'lieti.     Hem-^-,  the  pivesure  <ir  weight  of  a 

iiunii  of  WHtvr  33  ft  9  in.  liigh  ia  (4|uiU  to  Iho  pn^o- 

or  weight  of  an  equal  column  of  air  as  high  as 

iniMysphere  extends,  be  the  height  more  or  less. 

I^If  llii:  piiilOD  be  dniwn  up  higher  than  33  ft.  'J  in. 

er  will  c-«a8e  to  follow  it.  and  the  space  between 

water  will  be  a  Tacuum. 

[TVeolnnin  will  bo  33  ft,  9  in.  if  the  experiment  is 

Dimed  at  tlie  Icrel  of  the  sea,  but  less  if  at  an  elc- 


jTliUis  what  is  erroneously  called  "snction." 

IS'3.  Atmospheric  pressure  sustains  dif- 
^t  liqtiids  at  different  heig>hts.— If   the 

\f  vxiKTimcnt  be  tried  wiili  lifjuitls  of  diffi-n-nt 
■flflU*!,  the  hfighU  to  wliieh  the  oohimna  will  rise 

sely  05  their  specifii!  gnivitleit.    Mercury,  for    

is  13^  timea  heavier  than  water:   hence,  33  ft.  0  in. 


18  to 


10*^  ^^^m       pifKUMATica. 

Tw.  81.  height  of  menmry  aa  sp.  gr.  mercorjr  (13^)  ii  m 

fip.  gr.  wutLT  (1).    Or,  nMlnciog  33  ft.  ft  ia.  loj 

inchejfj  we  have, 

405  luchva  18  lo  liuiglit  of  mercuiy  lu  13|  ic  to  J 

or,  (405  X  1)  -^  13i  =  30  (incliea). 

as  the  beigbt  to  which  mercury  votild  riw  in  UmI 
■.'xjitrinitiiit.      Many  praolicul  tti«U  luve  proredf 

tlial  this  U  thi.-  uvvrugu  lieigbU 

Atmospheric  pressure  varies   Rt   the 

same  place. — U  \s  fotinil.  Uowovlt,  tii*i  col- 
iiinns  nf  waUT  or  mercury  do  iioC  ulwaya  iitaad 
at  Uio  soiDo  height  at  the  game  place,  abairiu^ 
thiit  thi:  jiruSBure  of  thu  atmosphere  Tories  ai  the 
(iuniv  phioe.    (See  uext  figure.) 


Tho  Baromater. 

1f34'  FiB^"'®  31.— The  barometer  and 
its  uses. — The  conBtrnctioa  uud  oporatiou  ofi 
tills  iiiHirutncut  depend  U|xin  the  principled  of  al-j 
nio^'phirio  i>rfMuro,  Fig.  30  (13:3).  Take  ■  gla 
tnlK*.  about  34  iiichi-s  long,  op<'ii  iit  «qo  cud  and] 
cl*»ed  at  the  other:  liil  it  ^ith  pun*  murctuy,] 
place  the  tjtigvi-  over  the  open  (-nd,  invert  tlMl 
\\\hv.  place  (he  open  end  in  a  cup  of  nn:rcarT,| 
rcmuve  thi:  6ugor,  and  the  baroiupter,  4»it:!ittiatlyJ 
is  made,  m  ahown  in  the  figure.  Tlte  rarrcaiyj 
Mill,  jii  tirsi,  vibrate  up  and  duwn,  m   '  U* 

net  (if  the  wffttlier  In-  fair)  al  an  rle\.  ■  3(*| 

inches,  when  at  tho  Icrcl  of  the  hca. 

An  tht*  tiK'ruury  is  PUKtaiutnl  in  tli-  i 

by  the  pressure  of  tht*  utmi»»phcre,  ^*  r 

ruclH  tills  pretuure  will  vary  thv  height  of 
mercurial  oolumu.    \i  the  prcisare  of  the  air' 
depends  upon  its  depth,  tho  mercury,  or  cour**. 
uill  Tall  as  it  ieolcraird  .ihovethe  level  of  tht> 
.Many  cxpt^rimeutA  having  proved  the  amount  ufj 
iiH  full  Tor  diflcrcnt  elevattims,  it  ha«  brcciroe 
couvcuieut  instrument  for  taking  ultiludc  aa  nfl 
mouuUuue,  balloon  w^vensioni*.  eU*...  and  aUo  fa 
tr«ling  tlie  preisurv  of  ihi*  atmuephurc  at  diDVruit 
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lee  and  places,  and  fW  indicating  spproaching  changes  of  weather. 


X35.  Height  of  the  mercury  at  different  elavatioiiB.— 


At  thf  lerel  of  the  sea  it  st&uds 
5,0U0  ft.  above  the  sch  it  stiind« 
10,000"  •'  "  [height  of  Mt  jEtna] 

15,000"  «  "  [h«ghtufMtBhincl 

Smiles    "         « 

6     "       [kboTC  the  loftiest  moaatains] 
9     " 
16     " 


ftt  30        iDfhes. 

"  24.773  " 

'■  SiO.459  " 

"  16.896  " 

"  16.36  " 

■'  8.&1J3  « 

"  4.886  " 

«  1.448  « 


136.  Barometer  as  a  'weather-g'lasfl.— When  the  air  is  moist 

or  tilled  with  vapors,  it  ia  ligliti.'r  tlmn  iibual,  ivhich  causes  the  mercury* 

stand  low ;  but  when  the  air  ia  dry  and  five  fnim  vapor,  it  ia  hcaricr, 

id  supports  a  longer  eohimn  of  mercury.     The  barometer,  therefore, 

g>?nerally  stands  high  in  fiiir,  and  hn-  in  foul  weather. 

Aulee  for  reading  the  changes  of  the  barometer. — 1.  Sud- 
«  falling  of  lln!  mercury  w  ftillonwl  by  high  wind^  and  storms,  the 
mercury  sinking  lowest  whto  the  wind  approaches  from  the  aonth. 
2-  Sudden  rising  of  the  mercury  indicates  coming  fair  weather. 

3.  A  flnctuuting  and  unsettled  condition  of  the  mercurial  eohimn 
dlcali-r;  iduiiigertldi-  wciithi-r. 

4.  If  the  niercury  falls  slowly,  a  long  continuation  of  foal  weather 
y  be  looked  for.     If  it  rises  slowly,  cuutiuued  fair  weather  mity  be 

MCi>ecled. 

h.  In  sultry  weather  the  falling  of  the  morcnry  indicates  eoming 
thunder.  In  winter  the  rising  of  the  column  indicates  fnisU  In  frosty 
eather  its  fall  indicates  thaw,  and  its  rise  indicates  anow. 
For  convenience  of  noting  the  variations  in  the  Iwironieter.  a  grad- 
\ialed  scale  is  attached  to  the  upiwr  part  of  the  tube,  as  shown  in  the 
^^iagram  (31):  I>  indicating  dry  weather;  F.  fair;  and  H,  niin.  Uj)- 
^nosite  the  letters  are  Hgnrcs.  showing  the  height  of  the  mercury. 

^»  137.  Diurnal  variations  of  the  barometer.— The  mercury 
Haa  rises  and  falls,  slightly,  daily.  At  the  equator  the  maximum 
height  corresjionds  to  9  o'clock  in  the  morning,  and  the  minimum 
height  to  4  o'clock  in  the  afternoon;  and  it  ia  highest  again  at  '.» 
o'cloclt,  P.M.,  and  lowest  at  4  o*clock.  a.m. 

Capillaritv  and  changes  of  temfK-rature  must  be  taken  into  consider- 
ation in  making  close  ohscrvationx  with  the  baromelt-r. 


104 


PXEITVA  TICS. 


138.  Figure  38.— The  wheel  barometer.— In  the  conmoa 
bnronietcr,  ihv  rise  and  full  of  the  mcrcun-  is  indicated  by  a  scale  of 
inchfs  und  tenths  of  inches.  Osed  behind  Lhe  tube  (Kig.  31) ;  but  i( 
hii8  been  raiiiid  tluit  slij^hl  variatioiiB  in  the  deoeitj  of  the  atmosphpR 
are  not  n-adily  iMTceivcd  by  this  method;  yet  it  ia  desimbk,  many 
timoB.  to  iiotf  tlieoe  minate  changes.  The  object,  Lbercfure,  ut'  lll« 
whfel  baromotor  ia  to  make  the  rise  and  fall  of  the  mercury  more 
Ht'lietblt*. 

The  tnhc  ia  bent  at  the  bottom,  as  ahoirn  in  the  Bgnre,  and  to  itd 
short  ami,  on  the  mercury,  ia  placed  a  float,  L,  to  which  is  atUdttdb 
eiird,  piiflsin);  ovor  n  pulloy,  liiivin^'  n,  wi'ight_.  T,  fastened  at  the  o(I>lt 
end.  i\s  the  nierc-ury  rises  and  fulls  in  the  long  arm  uf  the  tube,  Lk«^ 
Uoat  also  rises  and  fallg ;  which  communicates  motion  to  the  pnlle^r* 
To  the  pulley  Is  attached  an  arrow-poiutcr  that  rotates  in  frootof  ^ 
gnidiia(i>d  circular  disk,  a»  shown. 

Of  conrso.  th*^  motion  of  this  jwint^r  will  hv.  ao  mnch  greater  tha- 
thai  of  the  mercury  in  the  tube,  o*  the  circular  disk  is  grvater  tha.»a 
the  ]iu!ley, 

Ou  the  outer  portion  of  the  diek  arc  jiriutetl  (not  shown)  the  diffwva* 
conditionti  of  weather,  to  CL'rrespond  with  the  movements  of  the  pointer. 

Changes  in  the  weight  of  the  atmoB])here,  har«lly  perccpliMe  by  llic 
ordinary  barometer,  will  become  quite  apparent  by  this  iustriimenl. 

139.  Figure  33.— Benaity  of  the  atmosphere  at  different 
altitudes. — Supp»i>i'  tin-  wlmle  hui^'lil  uf  iln-  iiunnsphere  t(»  be  Ibrtj- 
thv  niiks.  as  iiidiculed  li)  thu  liguiv."  and  gnuliiated  scale  on  the  left  of 
the  diagrum,  then  its  relative  density,  at  different  altitudes,  will  cor- 
respond to  the  n-lative  distanoeg  Irt-iween  the  horiznnlal  parallel  line*. 
The  nlativc  pressure  or  weight  at  different  altiludea  is  shown  by  the 
numbers  on  the  right  of  the  flgurfl.  [f  it  be  30  half  jKUindt^  at  the  level 
of  the  9ea,  ilien,  at  the  tups  of  (he  highest  mountains  (or  about  fiv<* 
miWs)  it  will  Iw  between  W  and  10  half  [Hiunds  (say  about  12),  and  at 
20  miles  elevation  it  will  Ix-  but  alwit  1  half  pound. 

The  whole  amount  of  air.  therefore,  aWve  the  altitude  of  oinetoen 
milee,  dpials  only  the  amount  contained  between  the  earth  utd  the 
lowest  horixonbd  line. 

Tlius  it  is  seen  that  the  difTerenci-  in  the  density  of  the  atmoephert'. 
at  differeni  altitudes,  is  xery  great,  rapidly  diminishing  aa  tlie  altitude 
increases,  which  is  dnc  to  the  wtigtit  and  extreme  ccmprtftibiUty  of  the 
air. 

The  weight,  and  consequent  prcastire  of  the  atmosphere  opon  bodies 
near  the  surface  of  the  earth  and  upon  the  earth  itself,  was  not  gener- 
allv  known,  until  Torricelli  first  announced  it  in  1643,  notwithstandiug 
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9M.  at.  valnuble  use  hod  been  nude  of  Et- 

mo^pberic  piveaure  Tor  matij  ovotti* 
i-u-s,  aa  iu  pump«,  uphoiu.  Wo. 

140.  Figure  34.— Ballooni. 

— BoilicH  ill  air  (likf.'.  eoliiLt  plun^rrO 

ill  li<|uitU)    lodo  as  much  uf  thvir 

weight  aa  eqanls  the  v«igbt  of  tfac 

uir    dia|)luc«d.    Uenoe,   if   a  boAf 

weigha  lesB  than  an  equal  vrilmB* 

t»r  air,  it  will  rise  in  ihe  atmofphi^n 

iiticil  it  niet't6  wifii  uir  of  it^  <iirii 

(ii-ui!it.y.    TliU  is  tbt  principle  upMi 

whioli  luiiU-d  «ir,  unioke,  etc  riiw. 

Ttiv  bui^)'iml  vffurl  uf  a  lititt<wu 

of  H  given  size,  will  depend  npoo 

tlio  liglitiif'sB.  or  «))■   '!'  lit 

till'  giis  PtnplovfMl  I.  v-y- 

{;cn  gall  lit  nsunlly  ctnplorni.    Fur 

cuiivcuicoco,  common  bnmin^  gafr 

id  tispd,  though  it  iw  srveral  times  heavier. 

Fio.  3.V  The  bulloon  i 

cumplftvly  filUw.  ..>..t 
(hi-  t'srimnsion  of  the 
liable  tu  bunt  it.  ua  ti 
presfiiirt'  of  the  nini'-'i>l*''' 
tlinitiiiiihc& 
Wlicn  lit 
es  to  desL'  :  __ 
valre  by  mt'una  uf  a  cor 
ill  the  upper  [i»rt  »ir  ili 
)»illii«n,  to  allow  the  gu  1 
i:M:a|)e;  to  oamik/^  he  dim 
out  hallasL 


141.   Fipuro 
Divinff-bell.  -  A«  1 

|ix>ii  is  the  ntcausof  I 
ing    into    the   uir,   » 
ilivii)g-lM>ll  Ij  tbtr  invanc'' 
(li'S'oniliug  int4  Uw 


8hap»— nsuolly  bi'lt-<fai 
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Within  are  scats  upon  which  the  diver  aita  while  the  twll  is  k'ing 
iwered  into  the  water,  by  means  of  a  ro|W!  faBtuned  into  Che  eye  at  the 

l*bo  atmospbere  in  tiin  uTp]}ct  portion,  K,  though  comproBft-d  by  the 
ipvrani  iirfuore  of  the  water,  Turui^ee  air  for  the  diver  to  breathe ; 
lough  only  for  a  abort  time.     Hy  meaDS  of  the  two  |ii|>et(,  A  ami  B, 
[teixltxl  tip  to  the  surface  of  the  waU-r,  the  foul  air  ia  remov<'d  and 

air  supplied  ;  ub  indicated  by  the  iirrotrs. 
The  diving-bell  affonlia  another  illoatratlon  of  the  impeneirabilily 
compreftsibility  of  tlie  air. 

14^-  Fifir»"*o  36.— Atmospheric  pressure  shown  by  in- 
verted tombler  of  water.— If  u  lumblur  bo  mitd  with  water  and 
cou-rx'd   with   pa-iK-r.    ami   then  inverted,  the   wati-r  will  not  foil  out, 
joviug  U)  the  upward  pre^urt;  of  the  air  on  the  paper. 

PlO.  87. 


J4-f-  Piffura  37.— Atmospheric  pressure  shown  by  cur- 

Voiits  of  air. — IaT   K  and   K  I"-  i»>i  circular  diskin  of  mrd-paiKT, 

out  the  sixc  of  the  diagram,  having  a  quill  or  other  nmuJl  lulie.  U, 

i'-     _'i   the  Dent  re  of  the  np|x.*r  disk,  a&  sliown.     I'law  the 

|i--  1  to.  and  rtlwut  a  quarter  of  an  inch  above,  the  lower 

r^rtt.    By  blowing  through  the  tube,  the  lower  diak  will  leap  up  and 

idb*ry  In  the  upper  one;  and  the  harder  thf  blowing,  tlie  tinner  it  will 

fhck.    \f  tb^  npparalutf  lie  Jnvrrt*-d,  tlie  card  cannot  Iw  blown  uti'. 

The  mtmn  of  ibis  iji,  ihut  the  blowing  more  or  lea*  drivi-s  the  air  out 

(ma  twiveeti  rlu*  disks,  wbirh  dimiuiiihea  the  prvuure  of  the  uiruu 

IMr  loitfr  DuHiusv;  tlins  allowing  Ibem  to  hv  forced  together  by  the 

of  attuoipheric  pressure  wifhotU,  sa  indicated  by  the  riy«icni 
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144.  Figure  38. 

Fiu.  38, 


-Atmospheric  pressure  sho^^  by  tubes 
and  ivater. — If  u  tube,  L,  open  at  buth  ends, 
1)1-  VL-rliciilh'  sunk  in  w^Ut,  und  (hfD  tbv 
liuiuib  placed  over  the  «p|x;r  end,  it  can  be 
littvd  full  of  the  lir|uid;  owing  to  the  dnwn- 
wanl  pressure  uf  tlie  lur  within  tho  tflbo 
iK'iiig-  fxfluiled,  and  tliuH  alUiwiug  its  pi«s- 
snri'  on  the  oiiLside  to  drive  the  water  into 
the  tube. 


14''i.  Fi&ure  39. —  Vacuum  foun- 
tain, showing  atmospheric  pressure. 
^\M  a  1)0  imy  shu|>eil  glwss  vessel,  provided 
with  H  Kliort  pipi-  and  fiiucet.  mid  inuaiis  Tor 
coimretiiig  it  with  tlie  air-pump.  Kxhsnet 
iht!  air.  dose  the  fuueet,  retuovt;  it  i>oiu  Uw 
pump,  insert  ihe  pipe  in  a  dish  of  water,  opca  the  Hiucet,  aod  the  down- 


Fio, 


Fio.  40. 


ward  pn'Mure  'if  Hie  air  on  the  water  in  ihe  disii  will  drive  it  into  the 
racimm  with  srivif  fort-e.  as  shown  in  the  liguro.    The  vacuuni  simplv 
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>Te«  the  downward  pressure  of  the  uir  from  the  water  in  tht  jot- 
•ningof  thp  pipe.    The  ball,  V,  will  be  alluded  to  herL-attcr  {140). 

7^6'.  Figure  40.— Animal  respiration  dependent  upon 

atmospheric  pressure. — Wutt-r  is  not  raised  in  pumps  by  "  aao- 

>a.'*  tior  du  vrv  bruaihc  by  drawing  or  '*  sucking  air  "  intu  our  laiig& 

Lot  E  Mud  F  be  twu  uir-tigbl  sacks  gr  bladders,  ^itiialed  in  glaas 

and  communicating  with  the  external   uir  ;   A  and  B,  leather 

L|ts,  tightly  fastened  to  the  jars. 

Now,  if  tlie  nip,  K,  be  dmwti  down  (as  Hhown  at  A ),  a  partial  vacuum 

rill  be  forDK'd  within  the  jar,  and  external  air  will  rush  in  ut  tl,  and 

litittiDd  Lbc  bladder,  F  (as  shown  at  K).    This  is  ei|tiivtilent  to  inspini- 

lion.     If,  now,  the  cap,  A,  be  forced  up  into  the  jai'  (as  !>^-n  ui  B),  the 

air  io  the  bladdt^r,  K,  will  be  foi-ced  out  at  N.  leaving  llie  bluddtrr  col- 

la|)8ed  (ii4  ievn  ut  F).    This  is  equivalent  to  expira^ 

The  jars  take  the  pluoe  of  the  chest ;  the  cap**,  A 
and  H,  the  dinphragm ;  the  bliutdi-rti,  £  and  F,  the 
lungs-  tht!  uperturefi,  H  and  N.  the  mouth.  The 
upward  and  dowowanl  motions  of  the  ribg  aid  the 
proceea. 

147.  Figure  41.~Mariotte'a  law»  re- 
lating to  the  elastic  force  of  gases.-  The 
elastic  forc«  of  any  given  amoniit  of  gas,  whow 
tompt^ratiire  n^mainti  the  same,  varivs  ittcvrselt/  as 
Us  vulume.  llenee  it  follows  that  (if  the  tempera- 
tnre  remains  couetaut),  tht  elaMie force  variee  a*  the 
deiusity. 

Pour  mercury  into  the  hent  tube,  A,  just  anfficient 
to  (ill  the  Ijend  at  the  Itotttmi :  then  the  air  in  both 
arms  will  be  alike  tiimipressi'd  :  that  is,  by  its  own 
weight  (1&  pounds  \a  the  wiuare  inch).  If,  now, 
the  long  arm  he  lilled  with  mercury  until  it  comes 
to  staud  30  iiurliea  higher  than  in  the  short  arm, 
the  air  in  the  short  arm  will  be  gnhmilted  to  the 
pn^ssure  of  /(po  atmospliorea  (30  pounds  to  the 
square  inch),  or  double  as  much  iw  befon*:  which 
compT^saes  it  into  half  the  s|)act;  it  before  occupied, 
indicatwl  by  the  dotted  line  Ji.  That  is,  with  (wic« 
the  prewure  we  have  hnif  the  volume;  with  thret 
times  the  preKHure,  onv-lhint  the  volume;  nnd  so 
on.     Or.  if  half  the  prcts^ure  be  removed,  the  volume 


will  be  doubled,  ami  so  on.    Bv  thi«  lav.  lit  ■  preMore  of  8U  atafr 

aphcrcs,  air  voald  bccomo  m  dense  oe  water. 

14^.  Figure  42.— Condenser,  and  condensed  air.— Let  W 
bo  [lie  Tessvl  ill  which  the  air  is  to  bi*  t-utiilcniMtl.  provided  with  s 
fiiaoet.  The  balauce  of  the  Hgure  reprMonti  the  cotidi-nscr,  whit^h  b 
a  cyliudvr.  with  an  opetiiug^.  L,  at  the  top,  and  &□  outward  working 
valve,  T,  at  the  bottum.  having  a  tjghtly-fincd  piston. 

Ki(i.  J>.  Fio,  iZ 


If  the  pittoii  l«o  drawn  np.  the  expansion  of  the  air  in  the  tmWI.  W, 
will  clinse  the  mlvp,  T,  und  the  air  in  the  <!yliiidrT  wilt  pn  ''  irh 
the  viilvc  in  the  pislon.     If  the  nioiion  of  Ihc  pinion   U-  r>  .  <  l>e 

ntr  K-tow  it  will  he  conipn-fiscd  and  driven  thmn;L;h  the  vaUi'.  Tt  tnio 
thu  oondentc-r.  while  the  cylinder  will  be  nlllled  through  tlir  opvn- 


pyitcMATrcs. 
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tug.  L.  B;  tbie  means  the  air  can  be  condeused  to  any  desired  extent 
Tbv  mercurial  tube  shows  the  degree  to  whieli  the  eoiidenuition  U 
carried, and  operates  ii]ion  the  principle  explniuod  in  the  lost  paragraph. 

24^,  PigTire  43.— Condensed -air  foimtain.— Fill  the  vessel 
heiv  shown  alxml  tlin-e-rmartiTs  full  of  water,  und  Ihon,  by  tnuanff  of 
the  condenser  just  de^eribc-d,  condense  the  air  above  the  water  (tlirmiyh 
tbu  pipe  and  faucet  P),  then  q\kti  thefttueeL,  lJ,and  the  expansive  force 
of  the  comprewed  air  will  act  ujiou  the  water,  and  drive  it  up  through 
the  rnbc,  as  nhown. 

The  lutU  or  ring.  W,  on  the  side  of  the  stream,  is  hehl  up  againet 
gravity  by  the  iipwiird  force  of  the  jet,  and  ut  that  point  where  tin- 
velocity  of  the  stream  er^uals  the  force  of  gravity.  The  ball  is  crowd.-d 
against  che  6ln,-ani  by  thi.^  UDe'|uiil  lateral  pressure  of  the  air ;  which  (»ii 
the  side  of  the  jet  is  less  than  uu  the  opposite  side  :  owing  to  the  mo* 
tion  of  the  water  driving  the  air  away  from  this  Pio.  44. 

side,  and  su  sumewhul  diniiuisliing  Iht-  pressure; 
which  is  proved  by  the  fact  that  the  same  ball  or 
ring  vtll  not  rise  on  the  same  stream  in  a  vacuum, 
M  seeu  iu  figure  39  (1-1&)< 


160,  Figure  44.— Air-gun.— Air  is  con- 
deDH^d  in  tht^-  hollow  glubf,  T.  and  this  is  so  at- 
tached to  the  gun.  that  by  means  of  Iht;  luck  uf  the 
gnu,  Uie  valve,  L.  is  uiiened.  and  the  air  is  ihus 
iTistautaneiinely  allowed  to  esc'B]»e  behind  the  ball, 
which  throws  it  out  with  great  ftiree. 

The  velocity  nf  Ihe  ball  will  depend  nn  it*  size, 
and  nn  the  density  of  the  nir  in  the  magazine,  T. 
When  the  bore  of  the  gun  is  no  moru  llmti  liiilf  an 
inch,  or  so,  iu  dtuuu't4'r,  it  is  esliuiulvd  the  ball  will 
have  a  force  not  much  luss  than  that  of  a  musket- 
shot. 

As  these  guns,  in  llieir  discharge,  make  no  re- 
port, they  hecjme  dangerous  secret  wcipons  in  the 
hands  of  the  assassin,  and  therefore  their  use  is 
generally  prohibited  by  law. 

For  pniclittal  ueu,  the  breech  of  the  gun  is  made 
of  strong  copper  plate,  and  constitutes  the  mnga- 
xine.  which  is  far  more  conveniyiit  than  thf  cuppi-T 
globe,  T :  whiU-  tlit;  barrel  may  serve  as  the  tube 
of  the  condenser. 
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CHAPTER     VIII. 

(CHART  NO.  8.) 

HTDRACM09. 
0«n«r&I  Principle*. 

t51.  Beflnition. — IlydranlicB  is  that  part  of  hydro-djmamtca 

which  trealH  i»f  li'iiiida  in  motion,  or  their  flow  anil  elevation — es|>e- 
niiilly  nf  wutcr—anil  chc  (<x>ri8Lrnction  of  all  kiiidii  of  ingtrumc-iita  for 
moving  them,  anil  to  bo  moved  by  them. 

152.  Bhape  of  oriflcae. — All  other  oonditions  being  the  same, 
the  givAt««t  amount  of  water  will  flow  through  an  orifice  when  its 
ImgUt  is  ttrice  iU  diatrnter. 

153.  Friction  between  liquids  and  solids.— The  central 

t>art  of  a  stream  in  u  {>ijiu  lluw«  fai>u-r  tli:ui  itiut  next  to  the  pipe,  tbua 
itbowirig  thero  is  rriolion  between  liquids  and  solids.  Hvnce,  pipes  for 
Convoying  wat«r  sliouhi  be  eniooth  as  practicable.  Sudden  turns  in 
pi)«A  ixw-  piu-tiikl  ohdtnictionB  tx>  the  rapid  How  of  vatt-r,  and  ehoald 
be  avoidiHl  wlion  possible  (190).  When  a  given  quantity  of  waU;r  is 
rcqiiiri'tl,  cniihith-nibli'  iinownnw  niu3t  be  made  for  rHetion.  Thongh 
the  cajHiuities  of  an  inrh  uud  a  two-inch  pipe  are  as  I  to  4,  yet  it  ia 
found,  in  practice,  that  they  are  att  I  to  5,  if  their  lengths  be  100  fwt. 

154'  F^^Tire  1.— Velocity  and  gravity.— If  a  vessel  be  filled 

with  water,  and  three  openings.  A,  K.  F,  mode  at  different  heights, 
the  watrr  will  be  driven  out  by  the  lateral  pn*iMnrp  of  the  liquid ;  and 
u  the  prefi^nre  depcutU  uimn  the  height  of  the  liquid  in  the  vesfiel,  of 
CDursa  the  lower  tlie  orillcf  the  gmUor  the  velocity  of  the  streain  and 
the  amount  of  the  discharge.  Xhe&e  streams,  being  acted  upon  by 
gravity,  tak«  the  eunres  resulting  from  the  two  forces  (6'-i). 

Th*  projectile  force  varying  with  the  height  of  the  liquid,  the 
curves  wilt  nut  be  alike.  The  fluid,  therefore.  obii'V^  tht;  same  lawa 
that  eolidd  do  when  projected,  and  falls  in  curved  lines  depending  on 
the  velwity  (Ri). 

The  jet  E,  Unwing  from  half  the  height  of  the  fluid,  has  the  greatest 
possible  borttoutal  rnuge.  and  all  jets  made  equally  distant  above  and 
below  this  orifice,  as  A  and  F,  will  have  equal  horizontal  range  with 
c«^  othor. 
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This  is  the  samo  as  the  law  of  faUiog  bodies  (55).  Hence,  the  ve- 
locity of  diBchargf,  at  any  orifice,  U  the  same  as  the  velocity  of  a  l>o<ly 
falliDg  tVoL-ly  throagh  a  height  t-riual  to  the  depth  of  the  centn^  of  th« 
orifice  below  the  surface  of  the  fluid. 

loG.  FigTire  S.^Flo-wring  of  rivers,— Owing  to  the  friction 

bt'twL'tfii  lliiids  mid  solidB,  the  stdta*  and  boltom  of  a  rivur  How  Iwi 
jTipiilly  that!  the  ceulrat  ami  upper  parts  of  i\w  stream.  Tills  id  shown 
in,  the  figure  by  ft  wt-ightcd  stick,  floating  in  a  river,  with  th^  top,  il. 
leiinin^  in  thi'  diret-tioii  of  tht'  current,  whereas  in  atill  water  it  wonld 
stand  upright.     The  arrow-heads  show  the  itircction  of  the  cunviit. 


Frn.  3. 


Pio.  4. 


157.  Figure  4.— Finding:  th-6  velocity  of  rivers.— This  \^ 
done  by  alatiunary  involving  wht'cls.  and  Hoiiliug  bodies,  and  al*f  l>\ 
means  of  a  tunnel-fihuped  tiihe.  open  at  bolli  cuds  and  hcnt  ul  rigUi 
anglt-a.  as  shown  in  the  fignre.  The  current,  W,  and  its  dtrectioa.  My 
indicated  by  the  horizontal  lines. 

The  tube  is  placed  in  the  wat-er  with  its  mouth  toward  the  current 
and  the  rapidity  of  the  stream  is  estimated  by  the  height  to  which  tb« 
water  is  forced  into  the  tube,  N,  above  the  surface  of  the  riYer. 
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loS.  Uany  deTices  have  Wen  iuvented  for  utilizlnp  \\\c.  fall  or 
gravitr  oi"  watvr  us  »  motivu  jwwer.  Tlie  pririL'iplfS  involvi^tl  in  those 
most  extensively  «ni|)Ioved  are  illustrated  aud  briefly  deacrilx-d. 

Thongh  various  recipriX'ating  »nd  rotary  wiiitr-fiiffiuen,  eimilur  to 
Bt(^am -engines,  have  been  used,  tlie  moBt  ginijile  and  common  way  of 
ai'plying  the  fall  of  wattT  is  hy  memia  of  various  kinds  of  wheels,  i-nlled 
tciUer-Klteels ;  which  may  be  dividt-d  into  four  claascj!.  aa  n'prL'sent^'d 
by  the  following  illustratioiiii. 

JS9.  FigTire  6.— Overshot  water-wheel,— The  water  falls 
fruui  thv  canal,  W,  upon  tho  (op  of  the  whcol,  and  fills  the  bucketB, 

Fi'i   -v 


mm 


TP.  which  are  pilcliL-d  tr>ward  the  strram,  and  hold  the  wator  Tintil 
"wyrew^li  the  position  K,  where  thry  begin  to  diacharge.  TliiH  is  the 
"wt  powerful  of  all  the  water-wheels  of  similar  construction,  and  is 
"WTfi  principsilly  hy  the  frmvity,  aud  slightly  by  the  momenlum,  of 
'l>p  w»t«r.  L  is  a  gate  for  shutting  off  the  stream.  The  operation  of 
""'•wheel  is  too  erideut  to  need  further  description.  Water  has  tho 
^'(■tMt  effect  on  this  wheel  when  its  buckets  move  about  three  feet 

•ul 
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Jfi?.  Figure  8.— Turbine   water-wheel.— The  turbine,  of 

wiiich  tliLTt- lire  many  moihtiL-atiott^  is  a  iiorixuutui  whvcl.     IL  works 

»ul>mei^-d,   and  is   the   moat  cnci^otic  and   economical  uf  all    the 

ruJcr-whf^ls ;   eoim'  or  tliem   h&ritig  utiliRed  eighty-ci»ht  per  cent. 

(if  iKr  tntitu  jwwfTof  ihc  water.    They  are  oppliciibic  to  hrgi  uiid 

I  «ta1lml^  and  trrvut  and  emnll  full^  of  water.    W  is  the  vhe«l, 

'  '   ■!••  thi'  din;rtivm  of  Uin  iTnter  so  it  shiill  gtriko 

I  ^_     ■     ■  .it  the  moft  advuiitaget)usanj;K-.    T  is  the  ehaft. 

rliicfa  carriw  the  wheel  and  the  driving  pnllvy.  K.    The  water  Talis  Tcr- 

litally  n|-      "'        stationary  jjiiides.  which  change  it*  direction  (a« 

<^F>wn  h\    '  .irruws)  so  it  tihitU  full  upon  thi- flan^t^s  of  tho  wheel 

.  at  riglii  angles  to  their  Ihccs  (as  indicnied  by  the  points  of  the 

»riv*3);  whrn,  by  reaction  on  thi-  blades  of  the  wheel,  its  course  ia 

lin  chatigitl,  and  it  passes  out  below  the  wheel,  as  shown  by  the 
tlttfrt  arruwa. 


Fm  ^. 
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70'J.  FigTire  9.  -Eeaction  and  centrifugal  machine,  or 
Sarlcer'a  Mill— H  is  an  uiniglit  cylimh-r,  tiiun'-l-t-haptil  ;it  tiit-  lop, 
Ut  rwrire  Ihe  stream  of  water  fmm  the  pipe,  W — standing  on  ii  point 
aitd  hvid  '■-■■■  11  bv  n  projecting  ppindle  »t  the  top:  llie  amiH,  T, 
anr  tubH)  >  >u-aling  witli  tlie  cylinder.     In  the  tubes  are  open* 

iogs  [>om  which  the  water  issues.  These  openings  reinoTing  a  jrurtion 
fif  Ihf  inleniul  titirfao-  of  the  tiibi-K.  destroy  the  e<^uilibriniu  of  the  )ul- 
rral  pa-iLfiiire  af  tiiu  fluid  witliin.  and  set  the  cylinder  to  moving,  with 
gn*al  velotiit)'.  in  the  dirvclton  of  the  iv-nutiant  force  of  presettre;  that 
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18,  in  Lhc  <)p[H>8itc  direction  to  the  flow  of  the  jet&    Thr  cylinii 
be  kept  full  uf  wnter. 

'I'hn  n-markablf  featnri'  aboiil  the  openilidO  "f  this  nuuhii 
givut  velocity ;  which  is  cuueed  iu  port  by  the  ceuirifugul  iotci 
Water  iu  the  tubes,  vhicb,  of  coiinttf,  grvatlr  incremses  the 
force,  and  tin's  aguiu  incrcuses  thv  «]>eetl.  which  »Kuiii  furtb<T  ii 
the  centrifugal  forc«,  and  ao  on ;  <rach  force  incrviuing  tJio  ot 

MachinoB  for  Elevating  Watar. 

164'  Variety  of  Tivater-olevators.— In  ihi-  enrlirst 
wen'  dcvicca  for  «'It;var.in^  wui»-r,  and  ivi-iy  sul(8t.'<iui!nt  agi? 
Dew  ODcSf  until  maohines  for  this  pnrjiow  uv  almost  witbont 
— volunwa  Would  be  rwjuired  to  deBcrihe  thetn.     Yet,  i 
at  well  ae  otiiei-g,  awixv  uf  the  rarlieiit  and  cnidesl  of  th<  - 
ployod,  aa  the  woU-iiwccp,  windlass,  and  ropo  and  pallrr.     In 
if  any,  macbines  have  undergone  a  greater  number  of  nietuuKi 
than  tliat  class  of  thowt  di;vi<!it»  lemied  pumpa. 

Only  a  few  of  the  anck-nt  and  some  of  the  heut  of  the 
triTaooos  for  elevating  water  are  here  described. 


Fio.  10. 
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16S.  Flgrure  10.— Uftingr-wheel.— This  is  a  wheel  mam 
bt%  itfriett  of  holluQ-  or  tuLiulnr  »pitke«,  bent  nt  right  an^lre  at  thi 
Irptnitii-g,  i«  fonn  ru|is  or  buckctji,  Tl*  The  whwl  is  »v\m  that 
it  is  n-volred  bv  hand  or  other  po«'er.  tbetc  cupA  will  bo  QII<m1 
water  to  be  derated.    A«  each  cup  riaeti  to  tbu  lorel  of  the 
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■  will  nil)  through  its  spoke  to  thu  cvutre,  P^  of  the  wheel,  whrre 
liM:liiu^*d,  M  aiiown  in  the  diagram. 

Uoau  vt  (lUkfi  wirn<  nkNlvncJ  U>  tliu  cxtivmitifs  of  the  epokee,  the 
Hi  of  a  Btrvam  would  revolve  the  whetL 

^6,  Figure  11.-  Wheel  and  buckets,  or  Persian  Wheel. 
lU  coDauu  of  a  sciies  of  swluging  buckuta,  btstcDed  to  the  rim  of 

water-whevl  (161),  as  swti  in  the  diagram.     Aa  tliir  wht-^l 
i>  the  dtrvaiu,  thi'  bucketfi  ore  filled  m  they  pass  into  the 

Pio.  II. 


;  cwTHNi  np,  und  oTcrtnrned  hy  coining  in  contact  irlih  a  pin  in 
rangh.    Anowi  in  the  wuter-ltDcs  show  the  direction  of  tho  eiii> 
I '    '      ■>  i-on  of  the  wh*«l. 

■      I  lU  Pt^rsiau  inventioD.    The  greatest  work  in  Fmnee, 

iHcial  irrigutioa,  was  a  series  of  these  whceb,  in   f^ngaedoc, 

r  thirty  fet-L    Tljcy  aro  «tiH  uw'd  in  vnriona  porta  of  Europe 

for  Kiipplying  ciiica  with  water,  irrig:ating  land,  etc.     lu 

,  an  anciunt  city  of  Syria,  celebrated  fur  its  water-works.  the«e 

employed ;  some  of  thrm  b*'ing  serrniyftet  ia  diameter, 
natruction  of  the  wattr-works  of  flamnth  have  remained  on- 
in  ibeir  genend  design,  froiii  vi-ry  remote  timcsL    Th«  peculiar 
ity  of  ibe  river  (named  Kl  Aiifli,  tkr  ori/O,  and  ita  con8W|uent 
iun  Kl  Kutltrs/iot  wheels,  render  it  probable  that  the  present 
isittg  water  ia  much  the  aaue  as  when  this  city  flourished 
mutu 
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167.  Figure  12.  —  Endlees 
chain  of  pots. — The  chain  of  puts 

is  ati  iiticietit  invention^  and  is  used 
as  an  overshot  wat«r-wliefl,  wlien-  tin- 
full  of  whUt  is  great,  au<I  the  Plrwim 
smal! ;  though  it  is  chiefly  tmploynl 
for  clcTuting  water,  cleaning  docks, 
dfopening  harhors,  etc. 

The  chain  is  liiing  on  arms,  T,  of  a 
whfM>],  OS  src^n  in  the  dtagrain.  Ae  thv 
whool  ie  revidved.  the  pols  rise  jfilM 
on  one  side,  uiid  dcacend  emjtly  on  the 
other ;  their  contcnti;  being  diselmrgM 
into  11  cistern  as  they  pas*  over  the 
whtvl.  The  direction  of  the  ninrp- 
mc-nt  is  indicated  by  the  arrows  wen 
at.  Uie  niuuth  of  tlie  well,  W. 


168.  Figure  13.— Chain  pump.— Tliis  consista  of  a  cylinder, 

walcr  of  tiio  reaervoir  or  wtdl.  .N. 
and  its  upper  end  termiiiating 


E.  niLh  '\i&  lower  mid  titaiidiiig  in  Uh- 
Pi".  13 


in  a  trough.  An  endless  cliatn 
is  carried  aromitl  »  wheel,  IK 
atxtvp  and  below,  and  \%  fur* 
nislicd,  at  e<]nat  diHtjuut't;,  wiih 
circiilur  disks  ivliich  lit  clo&i*l\ 
in  tbe  cylinder. 

As  thu  wheel  is  rovi-hed 
(usually  by  a  crank)  the  disks 
successively  enter  the  cylinder 
and  cany  llie  water  up  befon* 
tlirm,  into  Ihe  trougli,  from 
which  it  is  discharged.  Tlie 
arrows  indicate  the  direction 
of  the  movemeut. 

The  eliiiin  pump  ig  mode' in 
ranonij  forms-  In  China  the 
cylinder  or  Irongh  is  usually 
made-  Hqnnre,  and  oAen  incliiiiMl 
to  tlie  horizon.  Instead  ufthe 
circulardisks  and  an  iron  cbaiUi 
stuffed  globular  cushions  nindo 
uf  iMithvr,  Hnd  attached  at  regu- 
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intonrala  to  a  rope,  haTo  been  gubstitntod.  It  lias  been  uBod  in  nil 
countries,  and  is  pxtfnsively  employed  »t  Llie  preeent  day.  It  liiid  ils 
origin.  prolMibly,  in  C'bina,  many  conLurir^  ago. 

Tliia  pump  fivems  to  bo  the  coimecting  link  Iwtvees  Ibe  chain  of 
puu  and  (lie ordinary  liftiug  iLiid  suctiuii  pump;  hence,  in  coitnoction 
Lvith  the  history  of  bydratilic  device,  the  place  atid  <late  of  \\&  origin 
'»rc  mattcra  of  considcmlik'  interest 

In  their  varions  form?,  the  Persian  wAw/,  the  chain  of  jiols,  and  the 
rJtnin  jiutnp,  an?  now,  as  llicy  i-vcr  havi;  liecn  in  all  Eastern  countrioi^ 
^Bmrjiig  the  princijjal  dcvioea  for  elcratrng  vutvr. 

Ifii).  Figure   14.— First  invented  oentrlfugral   pump.— 
^This  pump  was  invi-ntcd  in  IT-Vi.    U  is  uiiTuiy  u  sti-aigbL  tiiW-,  X, 
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■ttuhed,  in  aa  inclined  position,  to  a  rertical  axis,  W,  and  whirled 
"round  by  the  crank,  or  by  a  pulley,  H. 

Aa  the  motion  b<-gins,  the  water,  by  cenlririigal  force,  ts  tbwwu  into 
tfci'tuW-  (us  indicated  by  tin*  arniw),  and  out  of  its  month,  aa  sUown. 
'i>  thi;  (Jgnre  the  vertical  axis  is  a  box,  ojMjn  at  the  bottom;  but  a 
simi^l.'  nhnfit  nf  wood  may  be  substituted  for  xi. 
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170.  FigTiro  16.--The  T-centrifUgal  pump.— Tbin  nttmn 
cotisistd  of  cwu  cumrttunicating  tubes,  udIu-iI  in  Ibu  Tumi  of  ilb> 

T.     'I'ho  auiii  <   '  u 

uiK'ritngfi  lit  tlic  <  -'111 

aluntUona  point,  briosluU 
upriglit  I'y  -1  '  'iift 

lit    tUv    lop,  .  '-'*% 

B,  in  tbe  Uitu^m.  On  ite 
top  ill  0  cross-tubr,  LU  ^■ 
dcrnoatb  -whiuh  in  «  dtroUc 
fnmgli,  TT,  to  iwieitv  ik 
didi'liargiHl  trutcr;  undilivK 
is  a  grooreii  pulley  bt  ««• 
uect  with  thti  power. 

0 1'K  ItATlOX,— Hotiflg  fiiS 
ail<;d  thf  tubes  vitb  wuM 
if  tho  pump  be  aUrttsl  b? 
routing  ibi-  onof,  LU  tb* 
water  con  tatD<^  in  tbcji^vtQ 
bo  thrown  out  bv 
rorec,  and   the  -         i  ' 

prcBdiiru  on  the  fisrfiioD  o* 
the    water  belo*' 
the  liquid   lip   • 
vttlve  to  kovp  tbe  %im»  it«F 

plied,  as  ghown  bj  the  arrows.    The  water  is  delivunxl  from  the  trati^^ 

tbTOUgh  the  ajHTtiirL's  T  und  N. 

.777.  PigTir©   16.— Archimedes*  •crew.— Wind  n  | 

rally  iin^umi  ux\  incUiu-d  cvHiidLT.  provided  with  iK-ariii^i  iind  a 
n ;  the  lowur  end  being  immeraL'd  in  a  rraerroir,  so  thu  end  of  tbw  ^ 
will  dip  into  the  water.     In  liio  %iiro  tliere  arc  two  pipe^  bat 
prinoiplc  is  the  same. 

Oi'ERATios. — Sup|K>8e  thc  machioo  to  Ixj  at  nat,  and  a  miUilliii  t'i 
dropjMxl  into  the  pipe  at  T ;  it  is  plain  that  it  will  roll  di.i«u  to  t- 
position  of  1 .  and  ivmain  at  rest.    Suppose,  im  shown,  thfrc  t«  a  baD 
each  bend.    Now,  by  revolving  the  cylindi-r,  tlio  pipr  will  fall 
and  rise  hehiuit  onch  ball,  which  givi-^  each  of  thcni  a  fnrwunl  :.  .    - 
(that  is,  toward  tlm  handle) :  but  if  the  cylinder  bo  rovolred  tho  otts 
wiiy.  they  will  huvi-  a  Imckwiird  rnolioii.     Henct',  by  on**  r- 
liull  1  would  move  forwai-d  to  ilie  pofiition  of  ball  3;  and  >  i 
of  IniU  4 ;  and  soon;  until  they  would  dnip  ont  of  the  npper 
of  the  pipes.     If  w;tter  be  poured  (or  scooped)  tn  with  Ui«  t«tl 
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trill  gu  tiloiig,  iMiO  bu  discliurged  with  Uiem,  as  indicated  in  tlio 
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S^iich  screws  are  employed  to  derate,  besides  water,  ores,  grain,  etc, 
b|^  urc  oommonly  set  ai  au  inclinaliun  of  about  45". 


7^2,  Figiire  17.— Hydx&ulic  ram.— In  this  machine  the  mo- 
(um  of  a  part  of  the  fluid  in  inutiuu  i^  effective  in  raising  anuther 
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ion ;  and,  bv  means  of  which,  a  largo  stream,  with  small  fall,  will 
Tati*  u  dniall  ntrcum  to  a  grt-nt  height 

Oi'«KATic)N-.— Tin-  walxT  From  the  cistem  or  stream,  S,  runs  down 

^ni|;h  the  pip^t  W,  and  oat  at  the  aperture.  II.  until  the  velocity  of 

>  *•  Mtrrmt  is  sufSctent  to  lift  and  close  the  ball-valve,  Ij.  This  itperture 

;  \>^ing  cloned,  the  momentum  of  the  water  is  siidd^^nly  cheflced.  which 

clriTi^j  a  portion  of  the  liquid  throngh  the  valve  of  the  air-chamber,  N. 

*'bm''  ft  eonipresvs  the  air.  as  indicati^d  by  the  small  arrow.  The  olasti- 

<^^J  of  ihe  air  roaut^  on  the  Quid,  oluses  the  chamber- valve,  and  drives  the 
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wat^-mp  tlirongli  the  discharge  pipe,  P.  The  water  in  the  pipe.  W, 
having  iiov  come  to  a  stAte  of  rest,  the  bull-valv«-,  I^,  bjr  its  weight* 
will  ilnip  tlowii  Hiul  ivgaiii  open  the  aperture,  H,  when  the  some  open- 
tioii  will  be  rejieateU,  uiid  m  on. 

Buction  Pumpi. 

17s.  FlgTiro  18.— The  principle  of  BUCtion  piimpe.— The 

Q^iemtioi)  uf  ^uutiuD-pumps.  ^  iar  uk  reyiinls  tliu  suctivn,  cuiiisi&tts  io 
prodiieing,  by  means  of  a  cvlindi-r  anil  piston,  or  other  device,  a  Tucuum, 
wliich  hecomefi  flIU-d  with  water,  by  the  downward  pressure  of  ihc 
aLinosptiere.     As  fast  9»  the  platon  lifts  the  air  on/  nf  the  cylinder,  F, 
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the  pressure  of  the  air  drives  the  water  in.  Or.  iu  other  words,  a 
auelioii  pimip  eotk^i&ts  of  a  tulic  not  more  thun  :i4  fin-t  Iont^%  with  uut 
sot't  of  coiilrivaiice,  »t  the  top.  that  will  remove  the  dowuwnnl  ]>n'8sure 
of  thv  air  tvifhin,  %o  that  its  pre&aure  on  the  water  withvut  will  force 
the  liquid  lip  ItiL-  tube.  A  pierfi  of  stratc  anil  the  mouthy,  thurefore, 
are  a  suction  pump — being,  prnbnbly,  the  flr«t  pump  known,  and  that 
which  led  to  the  invention  of  others. 
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The  Rgiirc  repn'sentd  a  simple  e^'Under  and  fiigtoti.  If  the  piston  be 
lilt'  vuciium  rurnicil  lielow  it  will  hv  lilliil  with  waUT.  If  the 
pistou  \i  uot  hfUl  up,  tlie  dowuward  pri'SfUL'u  uf  uir  will  buur  it  down, 
aud  tlitf  ycAivY  in  1*'  wiH  rvtuni  lo  IIil'  uibUth. 

Wal«r  will  rise,  by  suction  or  atmosphtric  ptesauiv,  31  feet,  tlieorvt- 
imlly ;  practicnlly,  it  oluiuld  hv  rat«d  alwut  a  fet-t  k'su. 

For  oonditioua  of  ibe  utmosphere,  uud  uther  circumatQUces  aflc-ctlng 
the  operation  of  this  principle,  see  131  tuid  13S. 


171. 


18. 


in 


roof  of  atmospheric  preasu 
pumps. — Tu  prove  thut  water  ria-j>  in  feutnioii  jiumjis  only  by  pruaaiire 
ut'  uu  oil  the  lluid  outfiidu  of  Liiu  pump,  let  the  ivsi.-rvuii',  K,  whivli  sup- 
plies the  pump,  be  a  cluevd  VL-asvl,  pruvided  with  a  liiucet,  as  shown. 
If  the  faucet  be  closed,  which  shuts  off  the  uir,  uud  the  piston,  L,  drawn 
up.  the  water  will  uot  folluw  it;  and  a  vai-uum  will  exiat  at  X.  If, 
now,  the  faucet  be  opened,  the  air  will  rush  into  the  i:\i8CTvoir,  and 

r'z&&  the  water  up  tho  pi[>e  into  the  vacuum  at  K. 
Botory  Pumpi. 
J7S.  Figure  20.— Double- cylinder  rotary  pump.— Thow 
JUtv  niuuy  kiuda  of  rulary  puin|H  ;  of  which  three  an.-  liert^  rqirescu U-d. 
rotary  pum|>3  arc  both  tsiickiug  and  forcing  machiuea. 
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T  is  a  cylitidncul  case  (with  head  removed} ;  A,  a  cylinder  consider- 
ably amalk-r  tliau  the  erase,  provided  with  three  teuth  ur  blades,  which. 
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noting  as  pistons,  work  vnteT<tig1it  against  the  interior  iinrfacr  of  dir 
ooBp;  N,  aamall  cylindor  (tcrmLHl  ttii*  luitmeiit^,  NTolviog  agwoKtlir 
largo  onp,  nnd  prox*ide(l  with  u  ciir\'vU  inilt'iitiilion  on  imt^  side  lakQn* 
llie  li]ud<:*e  tii  luss;  S,  ttiv  &upply-|fi|>L';  11.  ttiu  diM.iliuryi>pipe;  oui]  al 
tliu  centrvof  tliv  cylinder  is  a  sliufl  to  wliioh  is  itpplii-d  the  jniwct. 
Tlie  urrowg  iudJcute  tbt.*  din-ction  in  which  tUir  wwu-r  uud  ihi-  Itrp 
eyiindor  move. 

Operation. — The  lowrr  bladf,  for  inslnnrt',  drirofl  thr  water  \" 
(tsi'lf,  and  U-uTesn  vncimrn  bc-hind.  which  is  lillcd  «ith  waur  fnjiii 
snpply-pipe.    Tlic  hiade.  T,a]8o  drivta  the  water  in  iVontorileeir:  awd-- 
n&  \\w  lirpiid  raniiot  ]HU«d  around  hetwoon  the  eylindcrfi.  it  ie  ''  >T 

thruugt)  thi'diiFcharge-pipe;  whilu  the  indcntuiioain  the  small  '  ''' 

allowfl  the  bhidtfs  l«  puss  hy  iUelf  withont  causing  an  opening  for  c^fe** 
CBcap«  or  tlie  wat«r. 

17€,  Figure  21. -Single-cylinder  rotary  pump.— Id  il»  ** 
pump  ia  a  eolid  wliui.-l,  '1',  lornivd  iniu  tlircr  spind  wiiig^,  1<.  ncitnp 
y     a,  pistons,  and  tnniod  round  withit  » 

lylindrinil  hiw-  (ihf  hcaii  in  Ihc  •^ 
uri;  being  ninjovt-'dj.    The  lintoiir' 
F,  is  a  b«m-  jiii-ce  of  metal,  worki 
wnlt^r-tiglil.   ibnnigh  a   »Ii  t' 
N,  and  as  wid*-  a«   tin-  wii.„..  _^ 
by  it«  tcrighl,  bcar»  wutrr-tigbl 
the  face  of  the  wingii;  U'ing   ■ 
npi-igbt  by  pacing  bctwiwo  n^ 
(not  shown).    Tho  orniwi  indic**^ 
the  motion  of  ibe  wbc-d  n"  ' 
A  »(nlliiig-boX  is  a  contn. 
making  a  light-working    liL 
Vig.  42,  CbarL  4  {^Z). 

OpKHATios.  —  A«    the  wbet'I 
tiirnwlf  the  winga,  working  «. 
tight  in   the  case,  drive  thr   wa- 
iM-fon'  tbeni  through  the  vdItr  it» 
the  discbargp-pipe,  H;  and  the  butmvnl,  F,  rising  and  falling  on  t 
ruc«  of  the  wings,  prevents  the  water  from  pavsing  an>und  wiib  i- 
wheel.    The  water  is  adniitt^'d  into  the  vato  Lhrough  opfningn  (d 
viiuwn)  in  the  bottom.    Thi-  ralre  in  the  dischargt-pipe  ia  to  pn:n'J 
ibo  water  from  returning  while  tlie  pump  ia  nt  n*at. 

777.  Tlgiire  23. —  Double   cop-wheel    rotary   rr  t 

Thia  ia  unv  uf  the  utdeat  rotary  eteauji-ngmi'ii,  but  nt>^r  [n 
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oiplojwl  as  a  suction  anil  force  pump,  for  wtijch  ptiri'o^  it  is  a  power* 

hi  nucbiDv. 

It  consigts  of  two  cog-wIicelB.  the  te«th  working;  wnt.^r-tiglit  into 
(dch  other,  and  ftgaiuat  the  intvriur  eurfatw  of  a  cvIiiiUriual  tatH.' — tlie 
imX.  bead  iu  tlic  Hgure  btiug  removed.    It  is  worked  by  power  applied 
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fclfttbeghift  of  one  of  tilt- wlieeU.    As  one  wheel  turn*  tlic  other,  thov 
■  wvfllfe  ID  opposite  diret^tiona. 

(''■EBATios. — As  the  wheels  reTuIvc  (in  the  direotloii  of  the  nrrowd), 

portion  of  the  water  beluw  \&  wirried  hctween  their  teeth  «iid   the 

^^•Uat  N  aud  L,  aruuml  to  the  tip|>er  side,  und  as  it  cannot  iia^s 

between  the  whorls,  '\&  furei-d  into  the  dischargc-piiie  above,  aa 

by  the  donblc  arrow;  wliile  the  vacmim  thus  Tormed  Mow  is 

W  trom  the  Bnpp]y-pi]ie,  as  indicated  by  the  other  douWc  arrow. 

Manj  vol nmea  would  be  required  to  describe  the  diflereut  kinds  of 

''"'y  pnmps  whiuh  have  been  invented,  yet  they  have  never  retained 

■  ppFnuaeut  jiloce  among  machines  for  raising  water.    Besides  l>eing 

■fton?  eipensive  than  other  pnmi'S,  they  are  too  compSex  and  too  easily 

P*^nged  to  be  adapted  fur  toinmon  use.    Theoretically  considured 

"i«yare  perfect  niacliines,  but  practical  difficnlties  render  them  (like 

Wary  sleam-enjrines)  inferior  to  others.     In  cnses,  however,  where 

^''''itig  and  rapid  action,  instead  of  durability  luid  saving  of  expense, 

the  leading  objects,  aa  in  the  case  of  steam  fire-engines,  they  are 

pl«VL-d  with  great  succets. 
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17s.  Figure  23.— The  bellows  suotlon  pump.— Tb«  b»U 
lvw8  pump  li  tbv  oM«8t  of  which  hic^U'i  *  •>■>» 

tive  inTcutor  by  sockinf;  wnlw 
through  li  i<(m«. 

1 1  c<}iii<iEtd  or  a  leather  bo^  B. 
the  lowiT  cud  uf  u'hldt  U  CtfUnai 
water-tight  to  thv  h'"-^-  ■■'    - 
o]K-(i  didli,  and  Ihi*  u|', 
board    or    ditk    thr 
thi.-ri>    ii    an   uportuf... 
Wmfi  provided   vith    i 
handU'  and  an  outv-anl  vo; 
YJilvi-,  US  ahovtu. 

Ol-KRATION.— U  thf  hj». 

tlrawu  u[Mi  s  ■■ 
within  thr  I" 

iilh-d  riom  ihc  snpplj-pip* 
ax  iiidiciitcd   hr  lh«   nrntir* 
n'VL-i-niiig  the   itiotiun,   Llif 
liver  thu6U|>]il)'-pipovinU*(!ltitciL 
and  till'-  wuti-r,  U,  in  tiie  beUows  will  lift  ttio  upjKT  tuIvc  oiid  1 
iiitu  the  opeu  disli,  and  Sow  olf,  uji  iiidiuuted  by  liiu  duuhle  ur. 
IJWUt. 

77.9.  Figure  34.  —  IM»- 
phragm  suction  pump.— Tlus 
consieU  of  »  djiiphmgrn.  N,  vruri- 
iiigiimryliiideroropcn  dish.  Tl>e 
oiitrr  fd^'L'  o{  the  diaphrajrin,  K 
(iniulonriiiUlu-r). 

(ighl  Ui  (lit*  iiilwii'.        

tyliudcr,  in  the  mAiHirr  ]diu«ii.M 
the- ri.-ntr.ll  [loriioii  uf        : 
cured  a  di*k,  N,  prini- 
aivrturef     handle,    and     bntvuid 
wdfking  xaWc 

Ophhatiiis. — If  the  diaphnj.'a 
be  lil\fd  by  nu-iuis  ut  tbt 
its  vulvtf  will  I'li-jK-,  aii'' 
iilwjV"' 1k»  nii«i-'i  mid  ili 
IIr'  o)K)iit, and  the  vun 
Mov!,  Illlcd  witli   ■'  ' 
tistcrn.    By  r>\t'r 
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rer  valvf  will  close,  and  the  water  Mow  lh«  disk  will  o]»en  the 
ralvQ  amt  paM  tliruagh  the  disk,  um  shown  hv  the  arrow. 

).  Figrure  26.— Plunger,  force,  and  suction  pump. — 
i  chieHy  t-mplojred  for  UrUtig  or  furcing  mnall  qiiuniiiiL-a  of  water 
against  great  reoiatauLt;,  as  fur  rt^L-ditig  slcam- 
bi>il(trg. 

It  consists  of  a  cylinder,  the  uunal  valvea, 
and  a  plitngt-r,  A.  in  place  of  a  pi«l«in,  which 
18  a  aolid  bar  somewhat  longer  than  the  stroke 
of  the  punip.  The  plniigLT,  JniitHfid  i)f  comnig 
iu  contact  with  the  interior  sorluce  of  tbo  cylin- 
der, paeaes  tltruugh  a  slufflng-U>x,  h,  at  the  top 
of  the  cylinder,  as  uliowu  in  the  figure.  The 
l>ower  is  appliLKl  at  the  tA>p  of  the  plunger. 

Operatiox^-A«  the  plnnger  ii  drawn  np, 
tlu-  valve  i[i  the  discharge-pipe  will  be  rliHied, 
and  the  vamum.  formed  within  the  cylinder, 
filled  with  water  rushing  through  tliu  lower 
valve  front  the  cistern.  If  the  motiun  lie  re- 
ver«e<l.  the  lower  valve  will  be  closed,  and  llie 
water  in  the  cylinder  forced  throngh  the  iipjier 
valve  into  the  di«chargc-pi]>e.  &»  indicated  by 
the  arrow. 


'.  Figrure  S6.— Singlo-oylinder  suction  pump.— Tliis  h 
Pj^   ofl  'he   uni«tt  cummun   of   uil    pninps,   being 

emplovi'd  Ut  draw  water  fmm  hnnse-ci*- 
terns,  and  consists  of  an  o|K'n  cylinder, 
piston,  and  the  two  uiiiial  valvett.  When 
the  cylinder  is  extendiMl  ninch  above  the 
upper  valve,  tlio  watyr  aljove  this  valve 
Iwing  li/ifd  instead  of  sncked.  it  is 
termed  the  furfion  and  lifhng  fmmp,  and 
in  this  form  is  n«ed  for  wells,  which  are 
nsnatly  t»io  deep  for  tlie  simple  aaction 
pnmp.  The  upper  valve  is  placi-d  in  the 
piwhui.  and  the  lower  valve  uf  the  bott*«:ii 
of  the  cylinder.  In  the  ordinary  wooti  ii 
pump  the  bore  of  the  log  c<*nstitnte8  i!ie 
cyliiuler,  and  nxtends  the  whole  length  nf 
the  pninp. 
Opekation. — Ab  the  cylinder  deaceudd 
U 
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the  i«w*«T  valr«  clo8«f«,  and  the  wnter  above  it  pMses  tbrongh  the  n  pp^ 
valve.    The  motion  hiding  revuriwil,  rt-veraes  the  vulves,  and  dischurv<f 
tht'  wikUT  iitiovc  tlio  j)i8t4j)i.  while  the  vacuum,  thus  formed  U'luw   it.  u 
lilletl  frum  tic  uiKtcni  iir  welL 

182.  Figure  27-— Suction  and  force  pump.— This  is  th- 
|>iim{i  uiiuall)  viuplujLMl  fur  L-uiivtrviii^  wuter  from  cistvrni)  Cu  uji|wir 
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rooms,  sprinkling  door-yard^  *■  tc.  The  npjwr  valve  is  plaiint  in  the 
nitiuth  itfan  atr^chamhor.  iii«U>ad  of  the  cyliuder.  The  Qbji>ct  of  Uiv 
air-t-hiunbc-r  ix  to  softeu  the  action  of  the  pump  aud  render  the  dii- 
clmi'jiy  ciiiiiiniii)U8. 

OfEUATiuN.^tiy  raieiug  tlic  ])ii(loii  the  upjier  tkItc  n-ill  bo  cloMd* 
aud  the  vacuum,  formi'tl  nmler  the  pistou,  filled  with  water  from  t))tf 
tiisteni  paKsin;?  through  the  lower  vmIvo.  If  the  motiou  \»  rvverwd, 
the  lower  valve  elow^  aud  the  jiislan  forceji  the  water  tn-low  it  through 
tlic  upiKT  valve  iiitu  the  air-chamlH-r  faster  than  It  can  e«ca)<e  through 
the  discharge -pi  I  Kj ;  and  th«  air  alwve,  betug  thuu  coraprcsA-d,  will,  hy 
\\i  ehwticily.  prew  u(miu  iIh-  wutvr  (a*  iinlii-aied  hy  the  arrows)  and 
kwp  up  a  discharge,  while  the  pi^iuu  t«  relilliug  the  i-ylioder. 
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iti.  ^'''i^rare  28.— DoubLe-acting suction  and  force  pump. 

— Tliia  i^imsiiila   tif  11  i'yiimit-r.   |iihU>ii,   lUid    luiir  vulvt-s.  witii  BU|ijtly 

uiU  iliarluu^  apurtorea  ut  brith  enils  of  tbe  oylinder. 

(■>i'BRATioN'. — Till)  i^ylitider  uiid  all  tlic  pipfs  l>oing  futl  of  wftt«r,  if 

iv  puton  lie  ilmwu  u)i.  tlie  vutre  N  will  cluei-  uihI  prevetil;  tliv  rctnrn 

wairr  fniin  tln'  Uitschurgv-pijiv,  not!  iliv  vulvt?  IJ  will  uisu  clow  and 

*'vvut  tla*  wuttT  uLove  the  pietuu  from  returtiiug  Ui   tbe  cietern 

kn^agh  the  diipply-pipe,  thus  cunsiiij^  tlie  wuttr  »\xj\v  the  piilOD  to 

Tnwd  ihroiiffli  the  valve  F  into  the  di&chargf-pipe ;  and  the  vahv 

Will  l(c  o|icn(^  l>r  the  water  riuhing  Dp  frDin  tlu-  oiKtem  to  till  the 

tMiiim  fonoL'd  hclow  the  piatun,  as  indicated  hy  the  position  of  l\w 

Ht^aad  tilt*  two  duiihic  HrruwK.     ir  thi>  luovi-tiiLiii  uf  the  piatoii  be 

"^orsed.  it  will  rcvorse  ull  the  valree,  and  the  cylinder  will  ix  filled 

''uugb  the  vttlvt!  U.  and  vin|iiied  tliix^ugh  the  valvt;  S  ;  Ibv  valve  t* 

'I  chwv  U>  pn:V4<ut  liie  n-turti  uC  water  from  aUtve,  and  the  valve  K 

^^M  cltJ*^  to  prx'VeMl  till'  water,  W,  1m-1ow  the  piMton  from  n-turiiiug  w 

ei^tern. 


784-  Tigxxre  29. — Single -acting'  suction  and  force  pump. 
Ttit*  ii  a  Atrong.  powerful  I'orw  pump,  iieiially  employed  when;  fonw 
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Ui'DitlVliOi 
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|mnip6  uf  large  capacitj  mn  required,  a»  in  Urge  luw-praamtv  ibouh 
vngittva. 

Its  operatioii  18  the  same  us  the  oue  illustratcil  hy  Pig.  3ft  (IW). 
only,  iuetuad  of  u  plunger,  a  lu-avy  |iiKton  in  emjiluyt^l. 

The  object  of  tlii-  >alvc  in  the  di8cbargt-|ii|K*,  li,  is  to  pbU«»- ilir 
lower  viUve  fniin  iitmiu,  while  the  piitUia  i»  duAMaUiiig- 

/,S'J.  FlgiLre  30.— Double-acting:  suction  and  force  pomp 

with  two  valves. — Tlii.'«  |>unip,  ili>>ii];h  II   llirows  u  ilraiiy  «tr>^ii 

without  an  air-chomber,  baa  bul  )*'< 
valvt's;  but  it  has  twu  oylinden  «ikI  t«« 
|mUiii6;  uud  is  ooDstrudcd  as  sbovo  la 
till-  figure. 

Opekatiok.— By   tn«aii8  tif  the  cn»»^ 
bur,  A,  both   pist-oiH   arc   nitntiltanmiul; 
moved  ID   the  fctni*-  HirtctiotL     Aa  IW 
are  raised  up.  ihi-  npjier  vaJvc  in  pwW" 
N  clas<?s.  and  the  water  io  iV«di«cIutff<* 
thmujtb  thf  \>i\H-%  H,  uud  tht-  im'uum  i*!*" 
dut»>d  under  both  \miiind  i»  tilled  ihToat^* 
the  lower  valTe,  T.    By  n>Tcninfr  lh#  u^" 
lion,  not  only  will  tli<>  wnter  id 
huad  cylinder  pose    Uinmgh    \h 
ralre.  bnt  the  water  below  Ihv 
«rU  mImo  bu  forcf^l  lliroucli  it ;  im>' 
(juiuitily  of  Uie  lt<|uiil,  r<jiia1    in 
paclty  of  the  right-hand  uyllnder.  will 
forced  into  thi.-  digil 
by  tlip  long  arrow,  ^i  i 
ni'udiug.  which,  of  course,  keeps  op  a  n 
staiit  dischargv. 


ISfi.  Fig^ur©  31.— Fire-engine. -This  impflrtiuit  TiiAchin«-ii 
fuur-valvf.  twi-vylunUT.  diMiMt-iiciinf'  suetioii  iind   fonv  pump,  I 
videtl  wiih  a  strong  atr-c-lmmlK-r.     Conui^trd  witii  the  {ni^too-rvMlitj 
pfiwcrftil  IcTpr.  in  thrM-xtn'milics  of  whirh,  VY.an*  pmvidrj  long' 
or  rods  of  wihmI  (not  shown),  by  nunuts  of  wliUdi  many  men  van 
the  engint'  at  the  Ranie  lime. 

OrenATioic. — As  one  piston  descende  the  otbar  auwidE 
Lhe  pi-ltrti,  P.  to  Ih>  forced  down,  tbi'  valve,  B.  will  olo«e.  Mid  the  ««lr^ 
in  thi*  cylinder  will  be  driven  throngh  the  valve,  II.  into  th* 
cbmiiln-r:   tin-  vnlvi-.  tj,  will  bo  cliwted  to  prevent  the  ■^  ' 

itif{  inUi  Oil'  rtritiTn,  and  thf  ruUf.  A.  will  Ih-  opened  h. 
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187.  Figaro  32.  Stomach  pmnp.— Th*  obji.ot  of  tbfai  oap- 
fiil  tnstrntneQt  is  tu  tbruw  fluid  into  thp  stoniHch,  oud  Xhvn  witbdnv 

it,  willioiit  irhuitgin^  ilu*  Kppumlu*,  tml* 
br  ultcTiiig  itu  pumUion,  II  coneiiUnfi 
5vrir)ge,  A,  provided  with  turo  l«ll-rB|r«l 
T  and  H,  and  lwi>  11<>sifil(*  pijiea,  \>%ai 
K,  to  l»e  the  iv^juired  length. 

OpEtiATios.  —  The  iTniijttf  mtut  hf 
held  horizontidlv,  and  the  inpr>  tlini  la  to 
hriii^'  til*-  fluid  tu  the  e^ringi*  muit  hiif 
it«  vjilve  lowt-rnmet.  For  iuM«iin-,if  tiw 
pipe.  iS.  comes  tram  the  Htonjiu')),  Iticli, 
bv  drawiug  out  thehandluur  tbvBvnti^r. 
till' tliiiil  coinitjg  rh'in  t]i''  .■iiuma^'tt  V'luM 
lift  tlic  btill.  U:  bj  Tvri'r»iit^  tlir  utuilwD 
of  tho  pUhm,  tbii  bull  vould  ^LbiuI 
tho  oihfT  tiull,  T.  U-  mi 
fp-ntH  of  rlie  gyringr.  u  i  ..; 

itrrow.     Tbeil,  tn  n'TiTKt  iJii 
fluid,  tn  ptiTnp  li(|tiidft  iatn  ■ 
viilinar  wilhdrawiltf;  llie  piji  . 
iicresaHry  tu  place  the*  pipe,  H^  io  'h* 
Quid,   and    turu    tfae   valvu,  T,  btnt^ 
m>Ht. 

SiphOnft,  FounUiiiA,  Mo. 

7<^.V.  FlgTire  33.— The  siphon  dependent  on  Bt "r- 

ic  presBUre.— Tlie  itipiion  ie  ukcU  iiriiicipnllv  for  drciiiK —  , ,-  d*. 
mill  eitnitifli^  of  a  bent  tube,  having  on«  of  (U  ftrmv  hmp*r  tiuui  lb# 
other;  and  depends,  for  itj*  opvratiun,  u|X3n  II'  T« 

put  it  in  oiM^mtiun.  lUI  it  with  fluid  him)  pu'  'ri 

»mi  into  the  liqnid. 

Opkratiok. — Snpp«*(w  ihe  long  doitwl   arruw  in  Uio   - 

(Fig.  34).  Ill  Im>  a  rhain   pusin^  over  a  jviillev  nt   I.  iind   i  

that  the  g;ronter  weifHtt  of  the  lonfrtT  end  would  canoe  it  to  fhtl  aol  tif 
the  pil>e.  Ho,  if  Ihe  siphon  wen'  filled  with  nnter.  the  Itnid  la  tht* 
k)n|it-r  ami  being  the  hi-avirr,  it  wonlcl  rnmnieuce  Ko  full,  ivnil  If  tbi^ 
moiilli  of  (hn  nhort  nmi  wrv  in  vuler,  it  would,  br  ainm^pheriii 
Knrt-,  Kupply  tho  hiRc  nt^  ;  and  vy  it  wunld  continue  to  flnw. 

The  Tehx-'itT  of  the  flow  will  he  th>-  iMnie  lu  if  the  li<intd  fell  IV«9«l, 
fnm  a  height  rignal  In  the  iltxranee  ln'tWixTi  thf  Irvel  nf  tbf  litjnKl  tn 
tSie  Tea^'l  and  the  end  of  the  \otif,  arm ;  ori  from  L  to  II  iu  Fiy.  'iK 
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\o  proTp  tlut  tliie  infltniiDunt  opemt^ii  by  pnwsnrv  of  nir.  |tlace  the 
arm  in  hh  «ir-tigb[  v<«etfl.  K  (Fig.  33),  provided  witb  a  faucet, 
K>u  lilt-  siphon  ix  uiwmtitig.  civat  the  faucet  nod  the  flow  will  tmim  ; 

the  ratirvt  mill  llif  Quvr  will  agHin  L-oiimifUce. 
LB  »ipbon»  ojwrate  hv  pivsiare  of  the  air,  the  short  arm  cannot  \h- 

34  ftft  tuug;  that  is,  it«  vertical  heig:ht  mnst  not  pxce«d  thU  dis* 
iSir;  llinngh  the  sbon  arm  may  be  ninny  timed  this  lengrth,  and  tb»- 

arm  hot  a  Buall  port  of  34  fwt  j  it  bt-ing  requin>d.  imly.  that  tlie 
sharing  ami  have  a  wrtignl  height  greait-r  thau  that  of  ihe  reeeiv- 
arm,  irrt*s{H.'Ctivf,  too.  of  their  rvlatire  six?. 

Ttiry  lUurrt  eiphorm  will  work  iu  a  vacuum,  by  the  icuacity  of  the 
lid,  canted  by  the  force  of  cohi-aion  iimong  iu  particle^  (36). 


Rio   «a 


PlO,  M. 
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^H9.  Intermittent  Bprlnge.— Tli«Te  are  in  nature  inl^rntitti-nl 
waU-rllnwiii^  rrf,'iil.'ii'lv  Tor  a  time,  and  then  midib'nly  ii-a^iiij;. 
....ap  IK  illuatraifd  b)-  Fig.  7.  Chart  2  (Ii9).  in  which  T  i^a  snU- 
iD  cavttr.  having  fto  oiitUt,  U  «hft|>ed  likp  a  iriphnn.     A«  tbr 
no*  stands-  tti-  i>i>»niii}{  of  tltt-  ithni-t   arm  is   nndor  «nt«*r,  bnt 
the  vatt-r  falU.  m>  mr  t-an  enter  it^the  spring  will  instantly  cpase. 


l.-)ll 
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ttJiU  uol  flow  again  until  the  water  from  the  hills,  HH,  aboTe,  BUb  the 
riavit]^  Dp  to  the  leve]  of  th<*  highest  point  of  the  siiihoo.  L  (shown  by 
the  dotted  lino),  which  muy  require  »  long  lim«L 

100.  Figure  34.— Sharp  angles  obotruot  the  flow  of 
liquidSf  shown  by  Biphon8.^lA.-t:  liie  two  -ipUuiig  in  ihis  figure 
hv  «'Vt>ry  «jiy  «likt-,  t'xcept  \mv  \m»  an  oval  bend,  and  the  other  a  sbwp 
turn  ;  and  it  is  foiiud  Ihut  ihf  «>iitf  with  a  roiindod  turn  will  diachai^ 
much  mure  rapidljr  than  the  other. 

Pio  8». 


li^ 


10  f.  Figure  36.— Couveying  water  over  hills  with  sl- 
phoUB. — 'I'hf  ancients  made  extensire  \\9f  of  the  siphon  fon-onveying 
water  owr  plcvationa.  Let  the  diagram  represent  a  hill,  which  may  ex- 
tend luauy  milea  ov*r  :  and  if  \ts  Tt-rticAl  hiMghi  be  not  more  than  about 
33  feet  IVom  the  lerv-l  of  tht>  snpplr-wBter — and  the  supply-water  not  far 
above  the  level  of  the  Mm  -  thr  liquid  can  be  eonvfved  over  it  with  a  pipi> 
at  shown  by  llu'  dottM  line.  To  put  such  a  siphon  as  this  in  opera- 
tion, firat  plug  np  both  ends  of  thv  pipe,  and  tb«n  Gil  it  by  tneane  of  an 
ofvuirig  At  il«  ht);he«t  ^»iiit.  th(>it  i-Ioai-  the  oponiug  and  draw  the  plitgXL 
Tilt-  diagiwnt  uil)  U-  lUheraide  undvrMood  without  further  description. 
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29^.  Tigore  36.— Siphon  for  th«  chemicaJ.  laboratory. 
-Ab  ii  is  often  Decessitry  lu  employ  the  siphon  in  acids  and  other 
tii^nids  which  ore  uiipli-usunt  to  liutidk-,  they  art-'  so  cotistructcd  thai 
tbi-_v  can  be  charged  by  sucking.  Such  an  uiif  is  illuatmied  in  the  fig- 
ire.  The  mouth  is  placvd  at  N,  and  tht-  fliiger  at  the  buttom  of  the 
^«pcn  tulu-  below.  Wh«?u  the  liquid  rmc-hes  the  bulb,  N.  wiihdniw  the 
TiKitiih,  then  rt-move  the  fingi-r,  and  the  8i]ihoii  will  oiwratu.  S  showe 
thf  sf-dinienls  in  the  jar,  wliioh.  by  mraus  of  thi*  iuiilriimont,  are  left 
uudiKturbed,  while  the  clear  Uuid  is  being  drawn  off. 

Fio.  as.  Fio.  37. 


\     79.S.  Figure  37.— Loss  of  efFectivahead  in  public  water- 
works.— Though    the  head    in   the  reservoir  of  public  water-wcirks 
riiay  ruuiain  the  same  at  all  times,  ret.  at  remote  points,  the  water,  es- 
peeially  during  business  hours,  will  not  ri«e  to  the  same,  or  even  lo  ao 
apiiro.Timale.  level.     This  is  hecausc  the  prt'ssiire,  at  any  given  place,  is 
nil  I  re  or  less  diminished  by  every  other  ojwning  intervening  lH*lwecn 
[this  pUee  and  the  reservoir ;  whieh  ig  in  accordance  with  the  Uw  re- 
llaling  to  jiressure  of  continud  fluids — that  prewure  iitcreased  or  liimtH- 
hM<d  at  vne  pmnl,  is   incratstd  vr  dimi»hhed  at  every  other  jMiHt. 
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Suppose  A,  in  the  Rgtire,  to  reprtwnt  the  nfBonruir.  pnintnnnirBCing 
with  the  horizoiitsl  «x>tHin  al  ihi*  Ixittom,  m  whir-h  thiro  vov  six  o|vfi- 
ing^  M  slidwn.  twu  urihcm  Wing  einull  ji-ts.  Tbra*!  jcu  ilu  iiot  riat' 
Ui  ouljr  aliout  hair  the  lieighi  uf  the  Ivvi'l  uf  thv  WBier;  but  if  one  tft 

llie  otlif*r  apertures  Ih- cluwO.  I  hey  will  rist-  hig)i<>r  :  uiid  if  lh<*v  wrf** 
all  cI«»8<m1,  tht'  jyU  WiiiiUI  riw  nr-arly  to  lli<?  IfVfl  uf  th*'  r»'»frviHr. 

194-  £At«ral  pressure  of  liquids  diminished  by  xuotUm. 
^The  Ititeral  prt-wiim*  of  watt-r  iu  pi|M*e  is  nUo  Jimiitiolicvl  liy  ihv 
relooity  i>f  the  fluid  within  ltu*m:  lliut  irt.  if  it  ji-t  xa^im-  IVunt  (Ik-  r^^f 
or  »  lurgi'  iiiiie  of  ninuiiit/  wuti'r,  uii(l«r  u  given  h<-ad,  it  wilt  nut  rict  m 
high  M  wheii  thi-ru  Is  no  carrent  viUiln  the  main  pipe. 

FountttiQB)  etc. 

19o.  Fountains  and  vertical  jete  of  water.— Aroirding  l» 
Fto.  3M.  tiif  Iaw»  u{  rutliiig  and  n^ing    ImhIiim) 

('t5)  iiud  prvttann*  uf  }ii)aida.  vrrtkal 
j<-t«  ibuiitd  rifc'  to  Iho  level  t>r  the  water 
in  the  reeorvoir.  but  ibis  ic  fv 

takts  pUci*.l)ecnuw  of,  Ut.  i|.>  _ -n 

in  the  tulire  (Kmioiahing  the  TrktcilT: 
'M,  ilif  n'HiiiUincf  of  iIil-  air:  3*1.  ih« 
returning  wutrr  fallitig  Qjxm  time 
which  is  rising. 


796.  Figure  38.  —  Hiero's 
fountain. — In  ihU  I'uriout'  rDunuiD 
ilti-  water  auciut)  Lo  rttt;  hight-r  tiiau  iU 
Miurct',  hy  one  body  of  water  acting 
npnn  another  ihmugh  un  it  iff 

fuhimn  ufair.  'l'h*ri»  are  n.-.. .  ii -4- 
ilicationu  in  lU  Tonn,  the  one  rwpr^ 
M-ntcd  iiln^trikling  the  princi|i1e  nUhfr 
than  t))^  diT<-]illnn. 

Tbift  fonntain  may  beraniidoml  Utt 
oUlf!^!  ppcssiin'-enginw  kmiwn.  a  ^-ol- 
nnif  or  air  acting  na  llif  )<iattin. 

IM-KBATIOS.— Construct  the  app«i»> 
tiiii  a»  shuMti.  Through  tht*  tiontie, 
tilt  the  bnlh,  Ij,  tirtirlT  fnU  of  wuirr, 
unil  clow  the  faucet.  Tli»--i»  [toorwalKT 
into  tlu-  vrw^l,  H,  until  It  li  urarly 
tilli-d.  a^  shown.    The  water  tti  H  is 
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pnTmit>il  frum  passing  through  the  buUt,  T,  und  m  up  into  the  hiilh 
labrthe  coinjpntiseil  air  intervening  between  thewal«r  in  T  and  in  I*, 
water  ill  L,  through  thu  mt-Oiuiu  of  the  co[n|)n.>s».'U  uir,  is  now 

'''pnsaKl  with  a  furc?  equal  to  a  (^olamD  of  irat«r  extending  from  it« 
Mf(i»  in  T,  t«  it*  surfacf  in  U.  H*"nce,  if  the  fauct^t  be  oi)ened,  ih*- 
tik-r  rrom  the  bulh,  U  will  rise  to  n  distjince  abovi*  itit  unrfiuv  cqu«! 
to  rhi- height  of  the  column  from  II  to  T.  It  will  be  ohservt?*!  that 
none  of  ihe  liquid  fmm  H  to  T  [mssea  out  of  the  noxxlt* ;  this  wal*'r 
■rrnng  odIv  to  aupp)^  the  force  which  drives  the  water  out  of  the 
fcnlb,U 
Br  ingeuiouaiy  ocmihiiiiiig  the  two  long  pip««  and  two  upjwr  resa^ls, 

a  ud  L,  so   that  one  piiH*  and  vessfl  will   rnntain   and   conceal   the 

t'ibcr,  a  person   iinacquaiiitod  with   the  appnniin^  could  easily  believe 

t^u  water,  after  all,  iri7/  rise  higher  than  its  source. 
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197" .  Figure  39.— Intermittent  fountains.— An  inUrmit- 

i*"!  fountain  \*  unc  in  wlii<-'li  ilu-  fluw  uiktis  plitcsu  ut  rt-gulur  iulcrvals. 
^•^te  ejiat  in  nature.    AiiurtiGuiuI 
one  18  Tppresi-nted  in  the  ligure. 

J^iist«>n  a  gla«M«  globe,  closed  with 

a  *toi3rjM.r,  oil   Ihe  U|mght  lube,  N. 

ithxx.t  the  tube  will  extend  quito 

*t*^  top  of  the  Tc«fii-I;    pmvide 

two  Srwall  pipes  at  the  bottom  of  the 

jlnbo     forjctHjiind  secure  tht-  hiwor 

M  of  the  tube  to  the  bottom  of  the 

»>iir\,  11.      Aixjund    tla^  bnttuiu  of 

ttte  tx^i^  provide  small  holes  tlirinigh 

"<2li  air  can  enter  it,  and   thus 

'^  the  npper  pnrt  of  the  gk»be. 

^^   tiro  side  aperlnres  in  the  baain 

must,  lie  smaller  than  the  jwta. 

*^*»EKAT]ON.^The  globe  »nd  ba- 

31*   Hre  Urat  iiearl}"  filled  w  ith  muler. 

Tile-  amall  holes  at  the  foot  of  the 

tuV>e,  N^  being  above  the  water.  wiH 

al^dW  the  air  to  pass  above  the  snr- 

twe  of  the  liqnid  in  the  globe,  and 

the  waUir  will  flow   from  the  jets 

into  the  basiu  until  it  is  tilled  »o  as 

in  wTer  these  small  holes,  which 

;l]Bt  off  the  air  from  the  glolK-.  thereby  causing  the  flow  of  (he  fomi- 
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tain  to  cease.  But  when  the  water  has  been  drawn  fh>m  the  basin, 
by  it6  apertures,  so  as  to  again  expose  the  small  holes  to  the  air,  the 
fountain  will  again  begin  to  flow,  and  so  on. 

Importance  of  irater. — Water,  in  many  respects,  is  the  most 
im[»ortaiit  substance  known.  Every  comfort  of  civilized  or  savage  life 
is  more  or  less  dependent  upon  it.  Without  it,  vegetation  would  cease, 
and  every  animated  being  would  perish.  It  enters  into  nearly  every 
combination  of  matter.  Even  the  atmosphere  we  breathe,  deprived  of 
moisture,  would  destroy  life.  The  mechanical  effects  produced  by  it 
render  it  of  equal  importance  in  the  arts.  It  was  the  earliest  source 
of  inanimate  motive-power,  and  without  it,  man  could  uot  bring  to  his 
aid  that  mighty  machine,  the  steam-engine. 

Importance  of  hydraulic  and  hydro-pneunatic  ma- 
chines,— The  universal  importance  of  water,  and  its  scarcity  in  many 
countries,  and  the  fact  that,  in  its  liquid  form,  it  always  seeks  the  lowest 
levels  and  places  of  the  earth,  while  it  is  ever  needed  at  more  elevated 
situations,  and  often  in  vast  quantities,  aa  for  irrigating  lands  and 
supplying  large  cities,  render  water-elevators  of  the  utmost  importance. 
Hence,  from  the  earliest  times,  the  ingenuity  of  man  has  been  at  work 
to  produce  machines  for  this  purpose ;  which  finally  led  to  the  inven- 
tion of  the  steam-engine,  which  now  not  only  excels  all  other  means 
fur  this  purpose,  but,  more  than  all  other  mechanical  devices,  Ib  sub- 
serving the  general  wants  of  civilization. 
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CHAPTER    IX. 

(CHART  NO.  A.) 

HEAT   AND  bTEAU-BNOIKB. 

Preliminary  0«DeraJ  Prinoipl««  relating  to  Heat. 

JOS.  Deflnitionfl. — 'I'li-'  lerni  caloric  is  tin*  Hyi-iit  which  fXfiiva 
in  our  IxKliiut  tht-  ««'iiNiii(»ii  of  hmt.  For  oonTeuit-iicv,  Uuwever,  iu  Lkia 
work  tbew  terms  are  used  syuotiymouelj. 

199.  Heat  and  cold  relative  terrtu.  — //m/  iu>d  enM  are  only 
terras,  cold  being  the  absciici*  of  heut     Tbal  ia,  uiiy  boily, 

rer  its  U.>mperature.  is  siiid  to  bu  hat  when  oompared  with  botlii'S 
eotdfr  than  itsc-lf,  uiiil  cold  when  comjiaretl  witti  bodies  hoifer  tiiaii 
tt«<*ir.  Ilence.  we  suv,  ordinarily,  that  hodii'S  ure  warm  or  liot  and 
ciwl  or  cold  wlicn  thuy  sofm  so  to  tim  touch,  whaU-vcr  b«  the  U-mpcra- 
ture  of  the  hand  at  the  time. 

200.  Temperature. — ^The  tiMin  temperatttre  does  not  implj  the 
quiinti/if  of  heat  in  n  body,  bnt  merely  he  relatlre  heat,  at  a  jpven 
time,  as  compared  to  un  arbitrary  dlandaixl — like  the  oommon  ther- 
niomeler. 

SOI.  Nature  of  heat.— The  real  nature  of  heoi  U  unknown. 

Scientitie  ojiinitiii  i.-j  divided  b('f.wp<'n  two  views  resjierlinpt  it,  Tliese 
arc  the  earpn.icular  or  fminaion  theory  and  the  tiiulnlttiurff  thforif. 

According  to  the  fmi&jivni  iht'ory.  heat  ia  a  subtile  ilnid.  dL'stitut4?of 
weight,  existing  in  all  bodies,  ia  capable  of  flowing  from  onu  body  to 
another,  and,  though  attractfd  by  particles  of  other  bodies,  its  own 
particles  uutuatly  repel  each  otlier. 

According  to  the  Hnduiafory  theory,  heat  ia  flttrihuted  to  the  vibra- 
tory movements  of  ihe  molecule-S  of  a  hot  body  comniunicHt«i  to  those 
of  other  liotlies  by  mean 8  of  a  highly  olastic  tltiiii  failed  fther^  iu  rlie 
eame  manner  tlmt  sound  is  transmitted  through  air. 

Tlno  ether  pervades  all  r)pa<v.  and,  by  other  kiudd  of  mocioni,  ic 
8npp)«ed  to  prixluce  Hght  and  etectrkiitf. 
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By  Che  Cornier  theory,  hixi'ive  uool  by  loeiii);  a  portiou  uf  thia  tablDr 
fluid :  by  the  latter,  they  simply  loac  u  ]Mirt  uf  their  vihratury  uiuiioii. 

Herein  the  einissiou  thfury,  fur  oonvciiioiicn  of  i'X|»lMiiutJ<in,  U  w- 
auuiLH],  though  »t  pri'ikMit  the  undutiilory  theory  ia  geiivmlly  rccciv oU. 

i02.  General  effects  of  heat.— Ut.  Umi,  by  |Jvtivtnition,  uoiiflB 
with  the  iiltiiunti^  molecntcs  (4  and  5)  of  nil  budie^,  and,  «ritb  iU  tvpel- 
Ic-iit  forces,  eouiiicnictj!  thoHu  of  cohusion  {H  and  iH),  liiid  ihui  tjt- 
jmwtn  all  bodies.  Furticlo^  of  Lodius,  with  dutlieivnt  1w-»n  aif  *o  (»r 
n-jiellttl  HA  Lu  move  (Veely  lunutig  themselveB,  and  so  become  HquiH*  : 
ami  with  still  greater  heat,  the*  liquids  jiaas  iiilo  n  gtut^  of  «-apor.  V»- 
IMtrv,  if  deprivMl  uf  hi-ut,  ri>tiini  tu  thf  li<)uid  staU' :  uod  thu  lii)UHli,hy 
further  abatractiuu  gf  bent,  bwome  solids  (SS) :  luid,  if  lUr  prvoi-M  bo 
continued,  the  mWAi  go  on  cuntmcliiig.  !Ieiice,  henl  dibittn,  and  roUl 
coutracta,  bodtea.  but  in  different  df^nvs.  Th«  mi)«t  diUtable  an- 
ga»eti,  tbeti  rtiporfl,  thfn  liquids,  and  filially  solidtt.  Heucr,  hml  ddcp- 
niiiiL'8  the  nise  aud  xtaie  of  iKMlirs. 

•id.  Ueut.  by  its  iiowerful  rf|Kf[U>nt  farci*,  so  n*iulily  uud  pxtmaivvlr 
fxpanils  rithiT  iHMllee.  Ilial  it  litM  come  to  bo  thv  most  artiiliilile  miit 
iinivurMilly-einpluyt^  iiioiiiiiiatu  power  known.  In  Us  np|rlic»i.i<Mi  t» 
the  expansion  of  water  to  iteam*  it  ia  ulreudy  exerting  mure  nieehuuinl 
enoi-g}'  in   Biibjiig»ting  the  eurth,  and  otberwtKe  bi'^  ^    th«  mtuta 

of  man,  llian  nil  the  inaiiiiimt<'  forces  of  the  globe  <   ><■  <l. 

3d.  The  diHtribution  of  bent  on  tlio  earth'i  aiirfitoe  deh'rmine»,  jnn- 
I'ipally,  the  distribution  of  animals  and  plants. 

4th.  Thia  agent  or  lluid  has  very  gn'ut  control  over  alt  cfai'micxiV 
tmnafui'mHtionii  of  anhaiuufteij.  In  aomc,  heat  U  vvo1n>U ;  in  otltv*^ 
oold  is  prodnced. 

5ili.  The  power  of  beat  ia  not  liraitvd  to  th«  inorganic  wurM.    f**' 
on  tlii))  planet,  caunol  lake  pbu-e  only  within  certain  liniltH  of  (■ 
alure,  that  ia,  bc>tWM-ii  the  fr^'ezing  and  boiling  ]»oint£  of  waluT;  '^  • 
Tnriaiioiis  of  Ita  intensity,  wirhitt  (lii>80  limits,  are  indi&itcnaiabW  l*>    *^ 
laws  of  viiality  and  physiolugirail  changes. 

^OS.  Equilibrium   of  heat.— A  heatMl    boily  (wbaterer 

lvin[»enilnrc)  :?iirriinndi-il  by  l'imiIit  InidieB,  gi?ea   ulT  il'  '  .'i.|      ^^ 

surnMinding  liodiet)  atiruet  and  take  it  up.     Tbte  pr<<  >  i  gi*   '.'' 

nutil  it  and  all  the  adjacent  bodivn  have  a  common  lemiH'nitnr* :  cr   ** 
nnifd  IkkIv  Iw   surronnded   by   hoiter  ones,  then    it  will  affr»iri  H*^! 
fi^im  all  the  rent,  wbich  give  it  oif.  nntil  ihe  intcnaity  ia  nnif<r>rni  '*"! 
oil     Thia  removal  is  teniu-d  irmi*ferrne$  :  and  when  llie  (■  ^^ 

haa  di>i:liiie<I  tir  inriTaar^l  Ui  thai  of  the  niljaci-ni  iNalieav  an  /yn.. '^ 

ia&aid  to  have  lu-en  ntlnined. 
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Thi-iv  lire  two  Tnethi)dt<  by  tvlik-li  thiii  tranafoKDco  btke.-:  [ilace :  1«U 
^  nvUntiiin — bolll  gi'tn-rsi!  aiiii  inN<rKtitial ;  *W,  by  conixction. 

20^.  Luminous  aud  obscure  heat. — Hmii  mdhiUfl  frutn  ihhi- 
'rtiniDone  1><a1h:''!.  iin  ii  Imll  Ikuu-U  btlnw  rviiuK6<,  in  uttlltil  obscure  heat; 
tbM  nullHt«U  trom  luminous  bodies,  as  the  sun,  or  u  bull  hvatnl  to 
rwJnees,  is  calM  Inmiitous  ht-at. 

tauHOKs   or  h  k  at. 
'I''lion.'  lire  four  principal  sources  of  hwit:  pht/atciil, cketnical,  mecAan- 

Physiettl  Soan«s  of  Eeat. 

^hifficiti  tonrma  of  heat  uiv  solar  rudiiitiuu,  scollar  ntdiatioit,  tc-rres* 
t^'ia&.l  mJiurioii,  ami  electricity. 

^05.  Bol&r  radiation  is  the  principal  Bource  of  heat  to  oar 
tclulie;  tliiiugh  ihe  difltunce  of  the  snn  from  ns  is  96.000,00f»  of  miles. 
1 1«  siso  (ir  volume  itt  1.400,(KI0  limi-s  grt-'uter  than  the  earth.  OpiiiioDS 
*>^-*  Uivided  us  to  thu  t:auae  iif  (be  ami's  hettt. 

20G,  Quantity  of  heat  emitted  by  the  sun. — The  ([imutity 
'>r  \\v^k\  iiiiiitiikUy  nt'eivttl  by  tlie  earih  from  the  sun,  i.s  diiflicieiil  to 
f««lt  a  crust  of  toe  Burrouuiliu};  Ihe  eiirih  lOI  feet  lliick.  The  aJuui- 
sphv^n;  absorbs  uearly  10  [ht  oeuL  of  thia  heat.  It  is  uleo  estioiHk-d 
ihnt  the  rrAo/r  amount  "f  bent  emitUnl  by  Ihe  ijun  is  *i,3»I.i)IM>,00i>  lime« 
yreiUer  tbiin  tb«t  n.-ceivcd  by  the  earth;  wliieli  ia  surtieient  lo  melt  a 
cylmder  of  ice  45  niilca  thick,  at  the  rate  of  I!H),(KK>  mitcK  a  second. 

^07.  Extremes  of  natxiral  temperature,  on  the  earih,  vary 
iVucn  Jit"  K,  It.  I.iw,  t.i  U'i  libnvi-,  r,eiM.  In  tliis  liuitiide  (N'ew  Ynrk), 
from  thp  poldetit  to  th*'  hottest  ae(uona,tbe  tariations  are  often  HO*,  F. 

SOS,  Terrestrial  radiation.— Tltere  are  many  theorte«  rejrard- 
">g  tt-mrstrial  heat,  but  it  njiiy  be  jiartly  accounted  for  by  local  vhem- 
twil  uciion. 

t^bv  ht-at  of  the  gun  doea  not  penetrali}  tliu  earth  more  than  IVom  AO 
t«'  lO(i  fi-ut.  Ib-Mjeuding  into  the  eurtli,  iifler  puling  the  p"int  i>f  eon- 
*^it  Urni|>eralure,  the  bent  regularly  iiicreaxea  about  l^.S  fur  ev^rry  IW 
^•^-  At  tlie  depth  of  "i  miles,  watrr  Would  ImiII  ;  at  -I'A  mitfs.  ca^t  iron 
'MiMmcIt  Hl-dcc,  it  ia  egtimRtt-il  that  tlu;  crust  of  Iho  earth  Is  not 
wm  Uian  inn  miles  thick  ;  or  nne-furtieth  of  ita  radius;  which,  re- 
Idhu'lj,  ia  tliiiiner  iJiau  un  (■gg-slu-ll. 
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'SOD.  AtmoBpheric  electricity  ia  u  eourov  of  ht-at  vhioh  w  but 
little  nndenUNHl.  Ibi  inu.>uM'  imidrillu  |K>wera  u-u  «hown  by  flaahc*  nf 
lightning  not  unfn>f(nenrly  fn^iag  niL-tale  anil  i-iirtliy  matu-r,  uml 
cut  Lin;,'  nliuins  auil  bara  uf  iron  in  twi>,  as  wiUi  u  bliuli*  uf  6rr,  insinn' 
taitfoufltf. 

Cbomical  Sources  of  Heat. 

210.  Chemical  sources  of  heat.  — Wlifit  clientioil  cnmhinAtiitb 
of  two  aubiiaticca  takfs  plac-e,  il  is  uBuatly  alti*nded  with  an  dvTati««fl 
of  tcmiM-nituro,  but  suiuettinus  with  a  dcpresaiun. 

211.  Combuatlon.— Whvii  the  heat  dc Tfloiu'd  by  llu'  chrinicaJ 

combination  of  two  bodies  [irixluooa  luminos'ity,  Ibc  bwJirs  iirv  -'-'■■'  ' 
burn,  and  the  phenomenon  is  l«rm<^d  comimxtion.     If  nnc  of  th«- 
be  a  (wild,  it  is  Cttllwl^V*;  it  fpinwin,  jlamr.     Otyguu  Cdmbtniiiji  w'b 
othur  siihstuncitti,  fxiii8tittit4*s  all  ordinni'T  combustion.     It  id  i«appo*)«I 
that  the  mujif  of  heat  in  fHimbustion  ia  the  vthmniry  mntirma  nf  ibr 
constituent  atoms  of  the  bodies,  as  they  oombtno  together.  Thi*  ami :]! 
of  hfat  evotred  by  cliemical  oumbioatioii  varii>a  with  difli'r>'iiF      ' 
Stauoes. 

2i}^.  Mechanical  Bourcea  of  heat.— The  principal  of  (Iim* 
are/nf/pvrt,  cnmprfitioH,  and  p^rcntifiott, 

Whcri  iwo  hodifd  are  rubbed  together,  heat  i«  gen^ratod  by  t-^ 
friction  of  their  Burfiiwii;  which  must  bo  Attributed  to  a  moI<<i»^*^ 
moTcment  of  the  bodies,  otciiM  by  the  ft-iction. 

Thi'  ((ituntity  nf  heat  dt'v(_'h)p«.-d  by  friction  diqsendd,  1st.  oo  the   ■*" 
turf!  uhd  statt?  of  thi- siirfttcas;  3d,  cm  thi- prtsfiuiv;  3d.on  thf  toIo*^**'* 

CumprtHiiioH. —  W)it.-n  any  £nl>ataiicc  ii  diminiflhed  in   votnmt.     ' 
is,  gvuvrully,  a  dcvvlupnu-nt  uf  heat;  strikingly  seen   in  gn^-*. 
they  an*  suddenly  cumprvesed  (330). 

Prrcusnion  ia  a  cfvmbinalion  of  friction  ond  I'onipp:- 
by  hatnmrrmg;  ond  the  ht^at  evcdred  ia  principally  dn<'  -  •"' 

tion  of  bnlk  of  thu  body  hammered. 

2iS.  Physiological    souroe  of   heat.— Animal  heat  i«    ^^ 
n-suli  of  a  series  of  chamical  actions  taking  place  within  tha  livi^^i 
iMMly,  llu-  princiiKll  of  which  is  i-iinihti^tion  in  the  lun 
the  air  combining  wilh  tlic  carbon  und  hydntgvn  of  the-  ' 
ourlmnic  aoid  and  rapur  of  water.    Tliu  h«aL  lhu»  developed  i* 
Ur,  and  lo  (?oin|»fniintcs  for.  that  Iu»t  from  tlio  i'\"        "    -liich  ke«?p*  ii" 
Ijudy  at  ft  nnifiirin  U-miKTuinrv  ju  all  cUmatvs  <m  :>)'. 
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IVr are  two  methods  by  wbivli  thics  inuisfcrcnce  taken  place:  Igt, 
h\  fBdiaiioH — bolli  gciii>ml  uiiU  inmretitiiil ;  id,  by  convection. 

$04.  LujnmouA  and  obscure  heat.— Ueut  radiated  fratn  lum- 
lamlnoiig  boitt^s,  *»  a  ball  heuted  below  i-eduL-ss,  is  calkd  o&^ctirtt  heat; 
t^iiit  nwliAtfd  frr»m  luminuun  bodies,  an  the  4un,  or  a  bait  bcub-d  to 
mlj)«8i.  is  called  luminifwi  heat 
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Thrn-  iirv  four  principal  .'•oiircei*  of  heat :  physiail,  cktnttical,  trnduiH' 
iid,  and  phj/noloffical. 

W  PbTBical  Sources  of  Heat. 

Phjfttcni  murceM  of  beat  arc  solar  rudiotiou,  stell&r  radiation,  tcrres* 
tnil  nuliatiou,  and  electricity. 

iOS.  Solar  radiation  ie  the  principal  source  of  heat  to  aor 
|W»;  tlioitgli  tliv  dihtuiio^  uf  rlii-  8I111  fiimi  us  is  !>5,fl00.00()  of  niih-8. 
Ittftieor  volume  iii  l,4W>,(K"t>  liuK-s  j^reuter  than  the  tarth.  OpiiiiouB 
*rv  <li»idi.'d  as  to  tht;  caUHe  of  thv  oun's  bt.-at. 

206.  Quantity  of  heat  emitted  by  the  sun.— The  quantity 
ol*  ktmt  itiinualty  n^vvived  by  tlit.-  eiirlU  imni  tbi-  sun.  ii  auftlcieiit  to 

Ht  a  crust  of  ice  surniumliiij,'  tlit-  earth  lOl  feet  lliii-k.  'Vhv  atiin>- 
plicre  absorbs  iit-arly  40  pi-r  ci-iit.  of  thia  heat.  It  is  also  estimated 
Ml  tilt;  n'hnff  amniinl  uf  hi'iil  eniitteil  liy  (he  sun  is  4,381, 0(Kj,000  linifji 

cater  than  tlmt  rfCL-ivetl  liy  iho  earth;  whii^li  is  sufficient  to  nudt  u> 

liluli-r  of  ice  45  inilea  ttiiek.  at  the  rate  of  I'JO.U'HJ  miU;ti  a  second. 

\JlO7,  Extremes  of  natural  temperature,  on  the  eurtli,  vary 

L,?*!"  K.,  Iw-Iuw,  to  Uii"  above,  zero.     In  thiu  latitude  (New  York), 

the  uoldetit  to  the  hottest  aeasons,  the  variutioiis  arc  often  IIU",  F. 

^OS.  Terrestrial  radiation. — There  are  many  theories  ri'/^aiil- 
■"^B  tenvstriul  heaf.  ijiit  ii  uiuy  Ke  partly  lueonnled  for  by  local  ebem- 
'•^I  action. 

The  lient  of  the  Bun  i\ws  not  perietntle  the  earth  more  than  fnim  5fl 
'*'  loo  ft^t-  Hcscending  into  the  «irth,  after  piwsing  thi-  puinl  i>f  cuti- 
^it  temjK-niture,  the  heat  FL'-gularly  incn^iisc-ji  iiHcmt  r.8  for  every  IDtl 

?t.  At  the  depth  of  ij  mites,  wnter  would  boil;  nt  'Z'i  miles,  (aist  iron 
■Idmolt.     Heui!^-,  it  irt  i-atiinated  ihnL  the  tmiHt  of  the  earth  ia  not 

•ri«  tlian  lOi)  miles  thick  ;  or  oiio-furtieth  of  its  radius  j  which,  re- 
=l>v«-ly,  is  thinner  than  an  egg-iihell. 
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This  iustriimimt  is  culled  llie  pyrometer  (there  are  other  ^ 
ouesj,  BDil  by  it«  uae  it  is  fuund  that  the  lawg  of  oxpaudiuii  urt 

1.  TVffl  erienl  of  the  r.rfia»ifion  and  contraction  vf  the  nd 
varies  tvUh  variations  of  IvrnpenUvrt,  { 

%.  The  extent  nf  ttu  frpansion  and  contrartion  of  dtfferM 
varies  with  the  same  temperature.  \ 

Iron  rail-tracks  art-  laid  with  ivftrence  lo  the  first  law.  hy\ 
epuc  between  the  ends  of  the  raiU^  to  preveiic  the  track  from  " 
06  it  is  called.  | 

The  8<«inid  law  is  practically  applied  iu  the  couetructiou  of  I' 
sating  [K^ndolamK  (<iO). 

The  contraction  and  expansion  of  metals  hf  heat  and  ooUj 
employed  to  «*x«jrt  powerful  forc-t^  through  short  distances;  $ 
tires  on  wheels,  drawing  walla  of  bnildinga  together,  et4j. 

The  immense  ('rol4iii  waier-pipe  at  High-Bridge.  New  Yd 
on  miters  to  facilitate  it«  movement,  cunsed  by  expansion  fl 
traction. 

The  Niagara  Suspengton  Bridge  k  deflectwi  only  about,  six  £ 
the  heaviest  trains  of  cars,  while  the  ex])unsii)n  and  contractii 
cablea,  by  change  of  temi>eruture,  cans&the  bridge  to  rise  and  fl 
two  feet. 

The  cables  of  the  fiuspension  bridge  being  constructed  betwi 
York  and    Brooklyn,  will  expand  and  conirat't  about  seren 
provide  for  which,  the  towers  over  which  the  cables  will  ]i*!«l 
160  feet  higher  than  the  floor  of  the  bridge.  \ 


Km   •-' 


/  If),  Ck}-efflci6]itof  expl 

—  Thr  eu-fffnit^Ht  of  lineal  rxjM 
the  small  amount  gained  in  tb 
of  tt  rod.  a  foot  long,  vhen  heaj 
n°  to  33'  F. 

T*/  tit-epcieHt  nf  cubic  &r/»a 
the  small  fhtetiou  of  its  vol 
which  a  solid,  liquid,  or  gas  is  ij 
w  hen  heated  from  33"*  to  33°  B 


Cubic  Expansion- 

eiT.  Figure  2.  — Cub 
pansion  of  solids.— Uy  thig; 
i-xpan^ion  in  lUi^^e  directions 
p«ndion  of  fWiiwie.  T  ia  a  metl 
of  just  tfuflicient  magnitude,  at  I 
tempemture,  I"  tii  l«'twe.-n  rhe 
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in  of  the  b«d-piocc,  M,  as  Bhown.     If  the  boll  be  taken  out  aud 

h«ated  in  a  rnrnacu,  it  caiiiiiot  hv  pluccil  l)vtwivii  tliu  arm>v  in  whatever 

puftitiou  ic  be  turued;  showing  it  hus  been  expunded  in  all  diivotioDK 

^  it  be  led  oD  Uie  points  of  tlie  arnis.  at*  lihuwn.  it  will,  on  eooUng,  drop 

Pbto  it«  origiuul  poj^ition. 

If  tbv  I'xiM^rinieut  be  perfnrtiicd  with  a  cube,  inatead  i>f  it  sphere,  the 
rvsuU  will  be-  the  game. 

Diffnent  wlidji  expand  une<fuaUy  vtith  the  BtOM  ktalj  and  the  mmt 
vHdii  unequnlii/  iri'M  tiiff'erent  degrees  of  heat. 


I 


ilS.  Belation  between  linear  and  cubical  expansion.^ 

If  tbe  linear  expansion  is  djif-thoiifuudth  ot  the  onginul  lieciigili,  then 
the  cubical  expansion  wiU  be  (Jtree  one-thou&audths  of  the  original 
balk. 
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2V).  Amount  of  expansion  of  solids,  absolute  and  rela- 
tive.—The  must  uxpuuif^ible  metal,  zinc,  increaitea  only  one  three 
liuiulnd  and  fortieth  (j^)  of  its  length,  with  change  of  t«niperatnre 
fnai  the  freexing  to  the  boiling  |ioint ;  white  glasg  expands  only  one* 
tkiid  u  mneh  as  zinc.  Tlie  relatire  expansibility  of  metalii  and  glan 
ii  aa  fDllovti,  commoncing  with  the  mogt  and  ending  with  the  leaai 
expBBdhle:  rinc.  lead.  tin.  silrer,  brasa,  gold,  copper,  biemuth,  inm, 
hIwI.  uiitiinoiiy,  iihiMiinm,  gliUB. 

Tbe  compregdihility  tif  ihew  euhRtancca  1b  abont  in  the  same  order. 
"nic  mwt  ex|iansible  are.  in  genera],  the  most  fusible. 

Till- ratio  uf  expansion  iuureaitet)  with  the  temperature. 

BXPAHHioM  or  aoLiDa. 
By  increaiiiug  tlie  teni|«-raturt;  from  32*  to  212°  F. 


MTBSrAJtCBa. 

KXPANUON. 

nc  LxaoTK 

Dl   BCLK. 

1  in  124A 
1    -   1131 
1    "      926 
I    "      Wi 
I    «      6«2 
1    "      582 
1    '■      536 
1    "     bit* 
I    "     616 
I    "     351 
I    "     34*) 

1  in  :i)r, 
1   -  377 
I   "  ;mki 
I    ••  2K2 
I    *•  227 
1    •*  lit* 
I    -   I7!t 
1    «   175 
I    "  172 
1    "117 
I    "113 

Rold 

BnT 

Tin 

U-ad 

1 
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Expansion  of  XAqnida. 

3^0.  FlgTire  3.— Expansion  of  liquida.— All  iKftiitU  exftaiul 
Ijy  lienl  mcttv   tlmn  *uliiU;  tVir,  nuTciiry,   liu*  /r-iW    l■^  ill 

]ir)iii<U,  expands  more  than  the  mtmt  expanaiUIr  mctnl.  mi: 

Their  ex^oiuibtlitT,  hawovor,  U  more  variable  Ui&n  tlmi  of  l^aids. 

Fio  3. 


Fill  the  bulb  uf  tbi*  ^'ItUM  Vfrseel.  A.  in  thv  ligunr.  Up  10  lh< 
with  any  fliiiil.  then  plurt-  thi>  bulb  over  n  8|>irtt-lmn^uiiil  at-  tlir  '■ 
\ivc*t\nvi,  bt-attH).  ibi  fxt>»iuinn  will  be  ttliou'it  by  itft  n^tttg  in  t|i<--  > 
and,  on  being  lUlovod  to  cool,  it  will  roturo  to  ite  original  bitlk. 

S2  L  The  amotmt  of  expansion  of  liquids.— /-ly"  'rf«  fcT"  '*^ 

unrqutilltf  for  etfitiil  iitrrnnfHis  uf  hrat. 

Tin;  Kime  li'iuid  tispiinds  inoit-  the  mom  it  ia  bi'atefi:  and  tbt  lug***] 
the  t4>ntpvniturv  rises  the  grvaler  will  be  the  cxiunMon  for  M  IT'^  * 
incri'iiw  of  Initt,    This  ig  ouring  to  ihv  fuel  tlitit  Ibi-  Ir 
perotan.!  bwonies,  i\\v  further  fhe  |iarliclca  ore  r.-iii'"  *' 

other,  and,  tborefoiv,  the  cobwire  or  oiitaj,'oni*t(c  poimr  (Ki)  dio*-^' 
Uthea  in  a  greater  ratio  than  the  tvpnlsire  Ton^'  nf  hctit  inoreaM*. 

l^'J.  Blfforent  liquids  expand  differently  for  the  waS^ 
Increase  of  temperature.-  In  iht  ilui^nmi  (Kij;.  :i)  ht  A,  W,  i*'^ 
M  bt'llintf^IajMhulbdof  (•({aaldinuinAioiiB.H'iib  iiurraw ^nuluutrd  tu' 
filloil,  ea^h  III  tbv  kuuii'  lt?Vi-l,  with  dilTi-rcDl  li<|uida:  nay.  ' 

nml   nil  n'lirv.     On   |M>iiriiit;  liot  ual<-r  itito   Wv  tr<tU);li. 
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HSxpsDil  and  riw  in  the  tubes ;  bnt,  not  expantling  equally,  they  du  nat 
W  riac  to  the  sumv   hfiglit,  bs  indicated  by  tlu*  arrows.    Tlit*  nlcoliol  in 
A  will  ride  the  higheKt,  and  the  mercnry  in  M  the  leiwt;  while  the 
yni.Ua  in  W  will  rise  to  a  point  intermodiatc  between  the  other  twa 

exr:LMaioK   nv    I.iqOtDB, 

By  increaaing  the  temperature  from  32®  to  312'  F. 

Mercury I  purl,  in  55. 

Pure  Wrtt«r 1     ''     "  'HJS 

8olphnnc  Acid 1     "    "   17. 

Oil  of  TuriKtitine I     "    "   14. 

Fixed  Oils I     "    "   12.6 

Alwhol 1    "    «     ». 

I^hc  must  ex[Huisiblv  liquids,  gunerutly,  are  those  wtuwe  boiling 
Joints  are  the  lowest 

^^■3.  Water,  at  certain  temperatures,  an  exception  to 
^^  laws  of  contraction  and  expansion.— Water,  in  c*)oIing. 
'*'*«e8  to  twntnict  ai  about  42"  F. ;  :itiil  itt  iibout  30°,  just  iHtfoi-c  it 
'^'•'ohes  the  freeaing  point  (32"),  it  WgiiiH  to  expand  again,  and  more 
*''<I  more  rapidly  ae  the  freezing  point  ii^  reached.  Thitj  expuneion  is 
*"^ut  one'eleeenih  of  it«  bulk,  aud  account*  for  the  bunting  of  pipes, 
*«B«^  etc;,  when  water  is  freezing  within  them. 

SjS4-  Beneficial  effects  of  unequal  expansion  of  water. 

*iy  this  exception  to  tlie  law  ot"  expansion,  icf  is  riiidi-n-ii  (•ji-'fiticaUy 

^*8'Hter  than  water,  which  causes  it  to  float,  and  so  form  a  corer  to 

***ki?fl,  rivers,  etc.;  ami,  being  a  good  non-eonductor  of  hejit,  it  prevents 

■"adiation  from  tho  water  below  it;  nud  thue  keepinfi  tlie  water  warm, 

I»i»8enfe8  animal  lift?  below,  and  preTontu  the  ncyumulation  of  vast 

quantities  of  ice.     If  it  were  not  for  this  grand  exception  to  the  otlier- 

^i"**  general  law.  ice  would  sink  and  fill  the  beds  of  river*,  caufiiug 

Ihem  t<j  overflow,  and  hi-  exposed  in  large  Burfaces  to  the  air;  jtnd  so, 

^"siiles  InnndatinfF  the  country,  produce  fleldit  and  masst^s  of  in:  that, 

ill  high^T  Itiiitudes,  would  not  melt  from  one  t-old  season  to  another; 

am]  thu)^  render  even  our  own  climate  uninliabitiible. 

i0o.  Freezing  of  water  in  small  tubes.—  Wak-r  freezes  at 
II  much  Uiwrr  lemjHM'ature  Ihuii  'i'i'  in  i;miill  t.ubi't>.  like  Hentsihl*'  |Hirea ; 
vliieh.  tloubtless,  it^  one  of  the  many  universal  meune  of  the  All^Wise 
r  protucting  organic  nature  from  harmful  etiect*  of  extreme  i:uld. 
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XxpMuion  of  Oaaas. 

^06.  Figure  4.— IbcpanBion  of  gnaea.— Gosea  aud    Tsport, 
being  nniii^r  tlie  iofliioDcc  of  reptitsinn  {2li),  itnd  havirig  little  ei>h*«ioii. 
y„,   1  t'niwind,  for  eqaul  iiicn-'mfuta  of  heut,  tnucli  mnrv- 

than  either  aoJids  ar  unlinary  tiijiiiilK. 

luvert  the  halbed  tubi%  F,  and  iaH>rt  iU  lauutli 
iiitu  a  tiuublcr  uf  whIcf  ;  Lben,  by  hintinf;  the 
bulb,  if  otily  with  llic  baad,  tbc  air  will  ex]auid 
luiil  f80ii[>t%  at  iriilictttAHl  Ii\  thp  buhtilM  in  ||m> 
water.  If  the  hoat  tie  rem'^red,  the  air,  coujing. 
will  contract,  und  wutor  will  riae  lo  talte  ibe  piMv 
lM-forfowii|)i»'(lhy  thi' air  ihat  '  ,     '     "    ,,^, 

tilt?  height  Lowhicli  tht.> liquid  i.       i  it 

tube  will  Ludicatc  tbe  auiuuut  ur  exjninBiati  or  IIh' 
air. 

SiB7,  ^^6  general  laws  of  expansion  of 
g:aaeB  by  heat : 

I.  All  ifiiseg havtthename  fo-^^ricnt  vtftJ^aHtmu 
IIS  eoimuou  air, 

'i.   Tfrn  c<i-i>fficir»t  nf  tsptftniinn  remains  ihr  taav^ 
whtUevpr  matj  Or  Iht  pmtsure  in  rr/i'cfi  thr  ynv  r>  is»bjntni. 

3.  (httltr  the  prtmnr*  of  tA»  ahnMphfr*,  thi>  e«^^citnt  uf  txpatmim 
for  nil  gaxen  mtti/  hf  rmmthrM  nn  il.;{f>r«(J.  hrltfirm  thr /<  ■  .  '  '  if- 

iuft  pinnin  of  wattr ;  or  j(^  of  the  Viilume  nt  33"  for  ■      ■  •( 

Kabrwnhi'it's  scale. 

?28.  Relation  betvreen  compreaaibiUty  and  expansibil- 
ity.— The  f.\|iiiiittiliility  uuU  uonipreMibility  ot  a  itubatiuiee  iucrt-aMst 
with  the  IvmiHTatnre. 

Solidti  M]M»d  legi  than  liquids,  and  are  leu  oomproujblf';  whiW 
liquids  are  U-sa  c\piint<ihle  and  rompresaible  than  gHHfii. 

Thu  moBt  pxpansiibli-  soluLs  iiri'  ftciu'i-ully  tlie  mmil  cajiily  Rompn-Ased. 

2^0.  Density  of  gaaea.— TVnHiry  of  gaiiM  and  rapnr*  i*  (x>in- 
parod,  for  a  ittaiulMnl.  wilh  rnnmion  air,  when  the  hardnictur  NtAtid*  m\ 
■10  IncboA.  and  thttrmomet^'r  at  ^'i"  F.,  air  heiii*:  i>a1Ie(l  1,  ctr  UiNKt. 

The  method  of  determiDing  tbe  density  of  a  jpii>  i^  in  pHnctplo,  the 
■■me  Wi  for  the  density  of  licjuidv. 

Thi-  denftilyorair  bcin^  I.OOOO.thatof  hydnigcii  inO.OQfKE:  nitm^n. 
(M<rU:  «>xyjfi'ii.  l.lOAii;  carboniu  acid.  XM'd^. 

Hydrugen  i«  the  li^bc««t  known  body. 
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fSO.  Figrure  5.  —  Calorimetry,   or  the  measurement  of  the 

'\vaHlUy  o/hwt  ichirh  ififferent  bvdtcs  absorb  or  emit  during  a  knoten 

Aange  ttf  temperatutf.     Ijet  AA  be  »  large  vc*iel  made  of  iw,  having  a 

L  IwiTj*  alab  of  ice,  M,  for  a  cover.   Suppose  it  were  required  to  determine 

]  tbc  ivlative capacity  of  water  and 

mercuiy  for  lu^aU     In  a  gliLsa 

fluk.T.pHtone  ounce  of  water, 

ud  nise  its  temperaturf,  suy, 

toSOO'F.;  thou  place  tlic  flask 

ia  the  ice  ve«8el,  and  cover  tt 

I  ow.    Let  the  water  oool  down, 

[m  it  will,  to  32'.    Now,  pour 

rvf  Ihe  waUir  that  ia   in   tbu 

w-tWiW  (winch  huB  come  from 

ftn*  warm   water    nit>lting   the 

"*),  and  measure  it.    Do  the 

amo  with  an  ounce  of  mercury ; 

«ad  it  will  be  found  that  thf 

"'ercurr  meUa  mtly  om^  thfrtif- 

liird  M  much  ice  as  the  water. 

And  ju  the  relotive  amount  of 

"■at^T  obtHinwi    from    the    it-e- 

*****■!  shows  the  relative  amount 

*■'  heat  that  is  necessary  to  raise  an  ounce  of  water  and  an  ounce  of 

•^^rcnry  from  3T  to  200°  of  temjteratun-.  it  follows  that  waU-r  hau  33 

"itiea  the  capacity  of  mercury  to  absorb  heat  iu  undergoing  a  given 

change  of  temperature. 

2'S  I.  Specific  heat  or  caloric  capacity. — The  amount  of  heat 
■nii.'h  u  IhhIv  iH  cHpiiiile  of  aliaorbiiin;.  a^  aWve  described,  ia  cttlled  the 
*p8cijfc  htnl,  or  calorie  cnpacittj  of  the  body. 

2S2.  The  unit  of  heat,  or  thermal  unit,  is  the  quantity  of 
ho»t  Fpquired  to  raiae  a  pound  of  water  from  32"  to  33°  F, 

B3S.  Standard  of  specific  heat. — Prom  such,  and  other  experi' 
mxfoX*,  ai(  above  shown,  tobies  have  liLrn  forninl  expressing  the  specific 
capacity  of  different  IxKlies  for  absorbing  heivt:  wff/er  Wing  taken  as 
the  ataudani,  aud  marked  1.000, 
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TAUI.B  snowiKQ  apsoirio  iibat  or  divfkkkkt  sDBHTAnrBi 


WttUT =  .  LOOO 

Ice 513 

Chariwal -114 

f*uliiliur i41 

illoss , Hn 

Diamoud U7 

Iron 114 

Nickel UtJ) 


Oobftlt. ,.  lOfluM 

Ziuc O^b 

Copiier 8&1S 

Arsenic ftl.40 

Silver 57.01 

(mW 33.44 

riaUnum 3^43 

Mercury  ,.  33.3* 


Ft',  t; 


J>!^4-  S^oc^  <*f  apeciilc  heat  of  water  on  climate. —Hi 

Uiiivfr«itlit>  ijf  H-ati'ruud  H^  liigli  tipi-ciHt:  liL-at,  vr  lU  grrnl  CMjincilT  t<^ 
■haorb  and  emit  h«at>  gn?atly  raodiQea  the  nipiditr  o?  Qatun)  iiuix«  ' 
tiuna,  or  Kuddvn  changes  fWim  hut  to  cold  and  cold  to  hot  •nuoni. 

J,JO.  Bpeclilc  heat  of  ^asea.—  If  a  iinii  uf  ivcigbi  of  mi; 
alluwtnl   to  L'i|kiiud    wiUiout  cliungu   of  iirvstmrv-,  i*  hruU-d    (mm 
to  33°.  tht>  uuuuDt  uf  hvBt  thus  uliBurU'd  (mituuriftl  in  fVmctiunii  uf 
init),  U  aillud  iho  tijiei-ijic  hntt  under  a  coHstaut  itrfjuntre  ;  liuf  if 

be  not  alhtced  tu  uxiNuid,  ihtjj  Uic  amuuiit  uf  heat,  no  ro^iured, 
cnllt^l  (be  gpQcific  hfai  ttndtr  a  cojistant  volume, 

3S6.  Fig^ure  6.— Compresaion  of  air  and  other  gai^H 
diminishes  their  capacity  for  heat.— U-^t  the  Ogtirt-  reprMent' 
u  titn>i)g  i-_vhii(lor  ilih)  [lidton;  on  the  Inwer  side  oFUm 
pUtnu  let  there  \yc.  placed  a  piece  of  tinder,  repiv«<>Bl(9d 
bv  lilt'  dot*.  If  the  air  in  the  piston  he  aiudditilv 
coni|tn'A9cd.  by  forcing  down  thti  piston,  thr-  rindiT  viU 
bo  ignit^-d,  iK-cnusti  the  cupucity  of  th»  air  for  fafai  » 
dimini'ilii'd  with  a  diniintitinn  uf  it^  volanie. 

Thv  variuiiun  uf  capiicit}'  uf  aubrituiin-s,  under  va- 
riations of  vohime,  \»  ckarly  ahowo,  and  tmim-MfHl  on 
the  mind  witli  the-  Mpanijf  itttd  tPoUr  i"  :  "iiti. 
Thus:  if  u  3tH>ngt%  which  hiu*  JinbilK-d  an  :.  ..i<r 

08  it  can  hold,  lie  comprc-M^vl,  a  portion  ot  walcr 
exndi'A.  just  uit  the.  air  in  thr  cylindi'r  allowt  n  portloo 
of  the  bent  to  escape  when  premiiir  is  mmitf.  (>o 
relating  the  ftirue  on  the  sponge,  and  idluwing  it  lo 
dilate-  itirill  tiike  up  an  incmiBed  cpiautity  of  watrr; 
and  uir,  when  Kuddenty  diluted,  has  it*  capiicity  for 
bvat  inrrx'iu<eil.  ii,nd  viw  yvvm^.  Hr:  evioal  Tolumv* 
of  all  ga»ve  (nitnuturrd  al  the  mmr  irmpcniitiiv  and 
pretanrv),  set  trw  or  abnorb  the  «am^  i)iiantity  of  broi 
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t»Q  they  are  oompreased  or  expanded  tho  same  ftactioiml  part  of 
fir  vulnme. 

^S7'  Heat  applied  to  warming  apartments  partly  con- 
[ttuued  in  expanding*  the  air.—Whi-u  air  U  hcal«d,  when'  \i  is 
(rw  t'l  i-xi>aml.  m  iii  u  mom.  L>nl^'  abtiut  ^Vf^MWenthit  of  the  heut 
applied  ia  fjciMTKled  ia  pn>din.Miig  elevntiou  of  tempomtuif;  the  other 
Ivn-ttvfnlJiH  litirig  takcti  tip  by  (lie  «?xpaii8ion  of  the  air,  to  be  given 
ODti^in  lit)  the  ikir  coutnirt.-i  bv  cooling. 

f-S8.  Specific  heat  a£fect»d  by  chancre  of  «tate.— A  body 

b  tlie  li(](iid  Htuu-  has  u  gn'itter  8fkH^-itic  lu'tit.  tliiin  in  tlic  salid  foitn; 
Ottiiig  lo  the  Cict  tliat  tuldiiiimal  lit^iit  ia  rt'iiiiiivil  u>  ix>iivitc  the  solid 
Into  ft  liquid ;  as,  in  thu  aliovc  table  {%'A^)r  it  will  be  aeen  that  the 
'pwitic  beat  of  wtit^T  is  nearly  double  thai  uf  ice. 
^ti  (hv  other  hand  a^in,  in   tbtt  gaauaus  condition  of  a  body,  its 
jlppcifir  heat  is  less  than  when  it  la  in  the  liquid  state. 
T^u  rollnwing  (abk-  exhibtta  the  dcpt>ndc'uce  of  the  apecific  heat  on 
ie  physical  state  of  the  substance: 

SPBCiriC    HBAT    OP    DtFPBBBHT    tTATBB    OF    B01>IB8. 


KtJIWTASCBa. 

itieciric  fOUT. 

HOLIU. 

uqiitDt 

aABUlU*. 

0.4805 
0.0566 

o!4534 

0.4797 

Water 

0.504(1 
O.0H33 
0.050:2 
0.0541 
0.0314 

l.(W)O0 
0.1000 
0.0037 

0.l0is;2 

0.0402 
0.5475 
O.-l-JitO 

Tin 

J-uuI 

.\lcohol 

Kthir 

UiitHl  htitl  and  changt  nf  ninif,  303. 


COMMl^KICATtON    OF    HKAT. 

9$0.  Heat  ia  conununicated  in  three  "wayB :  Ist,  By  con- 
i»Hmi  (ehietly  in  tjn^liitb):  *-id,  Ky  muvectiutiffir  v\rv:\x\a.\.ion  (in  Liquids 
uiit  gisea) ;  3d,  By  radiafioti. 

Cooduotibility  of  Solids. 

240.  Conduction  of  heat—conductors  and  non-conduct- 
OM.— If  one  part  of  a  solid  be  healt'd,  ns  <ine  end  of  «n  iron  bar,  l,he 
kmt  wU!  slowly  tr.ivt'l  ainn;;  frum  particle  to  particle,  until  it  reaches  all 
!  body.    This  is  called  conduetwn.     Ae  the  ultimate  atoms 


IM 
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or  moleciiloa  of  matter  (4  and  h)  are  not  Bup^Kued  to  be  in  actual  oonlac 
(22  and  35),  condimtiun  \»  8utnclime>j  called  iotersiitial  Tadiution. 

241.  Different  soUds  conduct  heat  differently,    Ht-noi 

some  are  nilk-il  ^iH>d  L-uiutuctors ;  others,  bad  c-otidtictoni.     Solicta  coJi- 
duct  heat  botl:er  than  liquidB,  and  Uc|Hids  hotter  than  gases. 

^^3.  Fifirure  7.— Determination  of  the  conductibility  of 
BoUds. — There  are  maxiy  ways  uf  testiug  the  relative  L-ondiiclibilily  of 
8(jlids.  Sci-ew  into  *.  copper  ball,  T.  thrw;  metallic  rods,  A.  K.  TLu 
cop^w^r,  braaa,  and  iron,  of  crjual  It^nglh  and  diameter ;  form  their  outer 

Pra.  7. 


extremities  into  littlo  oups;  in  each  of  ihfSf  phiw  a  l)it  of  phospl 
If  now  the  ball  be  healed  with  a  spirit-lamp,  the  heat,  conducted  alttngj 
the  rods,  will  ignite  the  phosphorus,  w  wliowii  at  the  extremity  of  tW 
rod,  N ;  the  best  conductor  liriiig  it«  phoapboraa  firet,  and  tb« 


last 


TABLE    07    COHOCOTtBILI  TV     OP    «OLIDS    (TTHDALL). 

(SiWcr  being  rated  100.) 


SOtot.. 

0^)p*T 

Gold  . 
Brass.. 
Tin.... 


Iron 

Lead 9 

Fhilinum ^ 

Ot-rman  Silver 

BibUKith 


Guild  conductors  uf  bent  are  also  good  conductors  of  eleolrivil). 
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Pro,  8. 


Musical  tones  caused  by  conduotion. — K:cpenmeiitfl 
rvn  that  ooiidiiction  of  litat  produces  vibratory  niotioo  of  tin? 
JMMcooiupniiied  by  maucsl  tODea 

Conductlbllity  varias  with   molecular   arrange- 

~In  lioiiiugi.'ni-oiit>  ^uliilg,  cundnctibility  ii  ^\\xu\  in  all  direc- 
iVhil&  iu  wood  auil  cryylaliff  it  is  greater  iu  some  directioas 

IMS. 

od.  it  U  found  that  ttier^  are  three  unequal  axca  of  calorific 
too :  tlie  prinL-ipal  one  being  parallel  to  the  fibres  of  the  wood, 
t-fondnniiii^  jn>Wfr  of  wuikI  Ik-iii-s  no  definite  relation  to  its 
tomv  of  thv  lightf-^t  btiing  lh«  best  vonducttirB.  Gre«n  wuodti 
brut  butter  than  dry. 

touductibility  of  a  body  is  dimloi^htid  by  being  pulverized,  or 
R-  ininut<?ly  dividi-d  ;  m  nuirbli;,  jHiwdeitd ;  or  wood,  worked 

^U8t. 

Figure  8.— Conduction  the  principle  of  the  safety- 

t  Davy. — The  \i\.i7.v  oC  thi-  lump  is  Nurnuindc-d  or  inclosed 
iuder  of  mi-'tallic  win'  <^i.\\\7.>.\  Bhoun 
mibte-dotU-d  Hues.  If  thi-  lamp  or 
be  carried  inio  a  mine,  or  any  place 
)i'rv  are  inllamrnabk-  gaseii.  the  blu/,ti 
krninggas  within  tliL-gimzc  cyliudL'r 
communicate  itself  to  Ilif  gaa  wilh- 
•  the  reason  that,  as  the  flame  passes 
using)  through  the  ^unzv,  the  wires 
away  a  sufficient  amount  of  ttd 
educe  the  temperuture  of  the  blaze 
le  combustible  inteusity,  which,  of 
ixtingnishes  il. 

|unp  is  of  immense  value  iu  mines, 
k  been  the  mwins  of  preventing 
Iplufiionu  and  much  destruction  of 

life. 

CDsduotibility  of  X^quldM. 

Conductibility  of  Liquids.— 

ij,  Irum  (.■xpvriniL'iiis,  it  wan  con- 
iuit  llijnidii  Wert;  abitolutely  non-con- 
|but  later  experiments  prove  that 
fconduot  hc-at.  Imt  only  i<i  »  vi-ry 

■except  mercury  ;  which,  l>6ing  a  metal,  is  »  good  con 


mi 
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Jf^7.  Figure  9.— Heat  in  liquids  not  ectuaUaed  by  ooa 
duction,— Wliiu  vmtBr  id  to  he  h«-atc*d  in  »  vvawl.  it  l8  iitilupvnoiU 
thill,  the  hent  he  applied  nt  thv  lower  pari  of  the  cootiuDiDfi  dub  ; 
will  he  pivek-ntly  cxplnincd. 

(Far  explanation  of  thJa  Ugan,  act  253.) 


Fr.i    'J 


34s.  Figure  10.  Non-conduotibiU^  of  Uquldfl  ah 
byexperiments  with  water.—I'Uioeiu  the  bottomof  a  widt'tnfev 
pierenrirr  :  fill  the  lower  poriiun,  li.  tvlth  biuctim  int«u'me<ltAt« 
W.  with  plain,  und  Iho  upp('r  portion,  Y,  with  ifthw  trnlrr,  m 
Tuk«  the  henry  m«tullic  ring.  L,  he»t  it  red-hot,  and  plniv  it  u 
just  above  the  level  of  the  plain  water ;  and  immcdlut'.-ly  the  water  a 
the  outer  purtiou  of  tlie  coIuihd,  as  far  down  m  the  rin^;,  will  bc^n 
Mcend,  and  in  the  central  poition  to  doscend  :  mm  chnwn  by  ttif>  br« 
umw<i;  and  mmu  it  will  boil  vilhoot  mingling  with  or  ruiffin^  (t 
temperature  nfthe  plain  water  below.  By  pliicin^  the  rlnpdown  js 
hIhivp  the  blue  water,  ihi-  plain  water  will  boil  and  mix  viith 
htw.  ir  the  ring  be  placed  ftill  lower,  a  portion  uf  the  hlnr  '.'..: 
b*  nmde  10  boil  and  nix  with  tho  otlivr  colon;  while  y«t  tbr  terT 
maitia  unnuOted :  tbu«  pitivini:  tlmt  hent  In   »"  -<7eii 

below  Ihc  ptiint  urappliiil  heal,  either  bv  pmmJm 
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ConduoUbility  of  Oaaei. 

CJonductibility  of  gases. — iiusL-.H  arc  uvi-n  mom  non-ccm- 

'dacltve  uf  hval.  tliHii  liqindH.     iluat  in  ibi-se  id  su  ivadily  (litTtitH^d  by 

:  currents,  it  iit  ililficuU  U\  miikt!  i^xiterimt^nu.    Htitistanceg  which  iiicloise 

I  large  rolutUL-s  uf  nir  within  thuir  pores,  lu  duu  ii.  ffuthers,  woo],  ftc, 

are  very  piH>r  coiiiiuc-Utrs  of  heat ;  Biid>  in  the  ecujiomy  of  Nuturv,  ai* 

ililoytHl  U8  tioti-coiiiiui:turi4. 


W 


'2^0.  RekitiTe  conductibility  of  moifit  and  dry  air.— 

Air  Qllwi  Willi  iiioisluiv  is  ix-iiiit'ivtl  liuTi.-by  ii  iiiUL-h  Wltt-r  cutidiKtur 
Vhaudn'  nir.  in  tli^  nttiu  o\'  'Z'A^  U>  KO;  lifiice,  iit  th«  «ainf  teni^iemturv, 
[^iiUmii  atmofi|iht!ri-  «cfm$  enkU-r  to  the  8L-nB(-a  than  dry  air.  an  it  tnoK* 
i|-i<UT  i-onUncts  swnr  animal  heat. 

2^1.   Belative   conductibility    of  solids,  liquids^   and 
Ku«s  of  the  same  temperature. — Wi-  wouhl  l>e  buriH-d  K'iih  a 

rfwi  lif  nitiiil  ht)it.:*<l  to  I  v'lT  F.,  but  not  gcaldcd  by  water  iit  l.'i')^,  while 
lr>«irbaii  bwri  mdun-d  witiionr,  injury  cvt-n  iw  high  aa  300". 

?0^.  The  philosophy  of  clothmg:^  ua  nOatos  to  heat,  consists 

I  Bearing  iioii-conUiiutiiig'  niiilcrialu  whi-ii  liie  hi-at  ^^^  tbeiiir  is  grt'iilflf 
lliijri  that  ijf  thi-  body  {m  F.).  to  ehic-ld  the  body  from  heat  it'Uh'ui/ ,- 
Hid  ttbt-n  li^v  iiir  is  cuUbT  thuii  ii>  comfortabh*  Icmpemt.ure,  to  keep  the 
tr>m  vxapiny  fwm  ttie  boily ;  and  for  all  tt^nipt^mturvs  between 
bw  two  limits,  coiidiiutive  materials  should  be  worn,  to  allow  the 

in  of  tho  body  to  ost-ape. 

CONVKCTIOM    OF    RBAT. 

Conv«ctioa  of  Liquidi. 

fo'j.  Convection  of  UquidB.— Tlmngli  Iif|uid8  and  guMdo  not 

iilr  Lt)niiurt  boat,  yi-1,  owiiif;  lo  their  pL-rfect  mobility  (88),  and  ihf 
fUliai  liquids  and  gawtJ  an-  made  lijrhttT  by  heat,  they  an-  readily 
u«(l  liy  a  process  of  circulation,  called  cvuaevlion  ;  ilktatraLud  by 

Tht  lieat  being  applied  at  the  centra  of  the  bottom  of  the  contaiu- 

vtati'l,  an  upward  current  of  heated  particlea  takes  place  through 

^1'  ci-ntre  of  the  water,  and  a  corrcBpondiD(f  downward  current  »f 

Wer  jmniclea  supplies  the  place  of  the  rising  cxirrenL     The  down- 

"*»»}  L'urrent  will  lake  place  where  riie  iM^Oy  of  (he  water  is  eoldesl, 

■iiicli,  of  coarse,  in  thiii  ca«e.  vs  uext  to  and  near  the  aides  of  the  tl'u- 

>l-   IV  gystem  of  bent  arrows  will  show  tho  ourreiita     In  Fif^.  10 

I  tht-  dettcciidinjt  f iivn-nts  Wfiv  in  the  centre,  because  the  heat  was 

to  the  sidea  instead  of  the  bottom  or  centre  wf  the  vessel. 
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Thick  uiitl  visuiU  liquidf  do  nvt  viniulatv  wi  freelv, 
rtinvd  wlieu  tK'uIt->d. 

^54'  Ocean  currents.— The  Oulf-Stream.— Diff 

of  tilt-  o(H-att  btdiig  titilijiTl4?il  U}  uiiH|ii!il  \wal,  cjiu^'d  n'guL 
staiit  cLUTL'iiU  of  groit  mugnitude  and  «xU-'nt,  which  am  i 
their  dirt'Ctiua,  by  thf  fuitn  and  distribuliuu  of  liuid  and 
the  t-arth's  mbttion  aruiiad  iU  uxts. 

The  water  becoiiU'S  hi-atvd  under  the  tropics  and  flows  ofT  t 
ajul  sonth,  ounveying  heat  to  and  evaporating  it  in  th**  cold 
while  colder  curnnitii  flow  from  higher  iHtituiU'*!  Inward  t 
Tlieae  etmaniB  exert  a  great  effect  in  erjualizing  and  mu 
iem|ieraturu  of  the  regioDB  through  which  they  [lasa.  j 

The  GHlf'Stream  ie  oue  uE'  the  ruiMst  reuiurkahle  uf  the* 
It  18  called  the  Guir-'Stream  because,  in  lU  circuit,  it  ftwij 
into  and  ont  of  the  Oiilf  of  Mexico. 


Fill.  n. 


^Sd.'Pignre  11. -Heating  buildingre  by  conv^ 
fltuds  in  pipes. — If  llie  boiler,  W,  aiid  byt^ii^in  of  [ii]K»  are 

wat«r.  and  heat  be 
the  boiler,  by  a  sit 
uuce,  the  hoat«d  wal 
from  the  boiler  and  j 
the  turns,  N,  of  the 
by  rudiaiion.  heeom 
will  lli»w  down  in  tl 
ing  i>ipc  into  the  b 
an  indicated  by  the 
arrow*.  The  fiirDa< 
in  the  wllar.  F  rep« 
floor  of  tlic  room  li 
]>tpeK  -Aff  tllli-d  und 
througli  the  oiwninj 
ie  tlifTerent,  sonief 
heating  by  etciun. 
hereat'ler  shown. 


^^           1 

: ^1 

i 

N 

F 

Convection  of  ( 

:i/i(J.  Convecti< 
68.  —  Heat    is    dist 

^:isi«  tiy  circulation  i 
manner  as  in  litjnii 
rent  of  heaii-d  air  rl 
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Ugfattid  cantUe,  and  cumnU  uf  coltlor  air  rush  in  below  to  Uko  its 
p\wXj  as  shown  by  the  arrows  ]UK)ut  tbti  Eam«  iii  Fig.  37  (344). 

A  room  i»  lieatwl  principally  by  cimvection.  Furuacvs  in  the*  lower 
parte  of  houses  heat  the  up|>er  apartn^nts  by  the  circulation  of  air, 
which  ooDfeja  the  heat  to  and  imparts  it  at  the  deaired  locality. 

3,57.  Heating:  buildings  by  steam.— The  apparatus  for  this 
purpoae  ia  imc  tiiUikc  that  employed  tor  heating  with  hot  water. 
Fig.  11  (255);  the  pijtet*  not  Wing  lilleil  wllh  water  bill,  with  steam, 
I     Uil  wawr  in  the  boiler  carried  to  a  greater  temperature. 

'h'EiiATiox. — The  Btvani  in  cund'tneed  iu  thu  pipeo  abovf,  and  rnaa 
fcack  to  the  boiler  iu  the  form  ol'  liijuitL  Every  pound  of  watiT  ton- 
»erted  w  steam  in  tho  boiler  taki-;!  iip  {from  the  fire)  over  HOO  units 
(if  heat  (232),  and  renders  it  latent  (303),  mid  every  pound  of  sttam 
rondi-nsed  in  the  pipes  givos  out  this  boat  hitn  thii  rooms  ahow.  The 
w&wr  is  thufl  made  to  convey  the  heat  from  the  furnaco  below  to  tho 
ftpurtments  above. 

JoS.  The  atmosphere  an  immense  steam  heating  ap- 
paratus.—The  intense  ht-at  of  the  tropiciil  a'gions  eviipuraics  an 
iiimiMi.^;  i|u»ntity  of  water  and  {lasses  it  into  the  air,  freigiiU-^d  with 
a  ^^!ltiTe  umount  of  latent  heat  This  vapor  is  carried,  by  atmospheric 
cnrrent^  (also  caused  by  heat,  2G'i),  northward  and  southward  U)  eolder 
tgioiis,  where,  by  the  void,  it  'a  eoudeused,  and  oumpeUed  to  Uherat*! 
iulstent  heat  The  coudenseil  vajwr  falls  ks  rain — thn«  wnttrituj  as 
well  u  warming  the  colder  parta  of  the  earth — and,  through  rivers, 
lik<%8nd  oceaiift,  tindu  ltd  way  back  to  the  equatorial  region.''. 
I  Thus  tho  atmosphere  acta  as  a  universal  steam  apparatus,  in  which 
^p«  Atmospheric  currvuU  and  the  rivet's  are  the  pip^;  and  the  sun, 
^Plle  fnruacc.  This  apparatus  excels  the  device  of  mim  ;  for  it  not  only 
V'tinuB  the  cold  ivgioua,  but,  by  conveying  uway  tb*;  bent,  it  cooU  the 
~  hot  r^ions,  and  nniversally  supplies  one  of  the  most  indis[>eu»able 
>nt«,  which  is  water. 

25D.  Relation  of  air  to  the  earth  same  as  glass  to  a  hot- 

bouie, — A  hot-hnus<'  catches  and  entrajw  the  lieat  of  sunbeams.    The 

/•wiVwiM  heat  (aoi)  from  the  fliin  passes  readily  through  glass,  but.  after 

^hwig  reduced  to  obscitre  heat,  by  ahsorjition,  radiation,  and  reflection. 

tnuuot  posa  back  thniugli  the  glass;  as  glass  (besides  being  a  pour 

iflctor)  will  not  transmit  obscure  heat, 
The  watery  vapor  in  the  atmosphere,  while  it  quite  readily  allows 
lift  passage  of  luminouH  rayi*,  is  almost  opaque  to  obscure  beaL    Hence. 
"'••almosphere  muy  be  cousideri'd  an  immense  liot-house  to  catch  and 
'^'rop  the  InminiiUft  heut  of  the  sun. 


im 
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200.  De&mtion.— Wiud  u  air  in  luoUou.     The  wiuds  are 
illnitretion  vt  utiiiTvotion  on  a.  large  scale. 

^GJ.  Kinds  of  wind.— I-  Regular  viniU  are  ui 

oonstuDlly  In  lu-urly  Lla-  aain*.-  (lirec-lini).  lu  tin-  triuli- 

3.  Variable  winds  are  ttiuse  which  lilow  sDmetinu^a  tti  orw  aadcuve-J 
times  iu  anotlu-r  iliitfrtioii. 

3.  /'ermlical  wiuils   ure  those  which  bl"w  regularly  in  llie  | 
direction  at  the  aame  efiisunaof  the  yearorhounof  the  day,  i 
land  and  sen  l>reez«t»  {'iii4). 

4.  ffurncaues  or  cycJitDva. 
(.  7*or/«rrffl«r  or  whirlwinds. 

SO'^.  FigTire  12.    Cauaeof  winda.— Trade-wljidB.— Tlw^ 
in  ttitf  n^giuu  uf  the  vijuulvr,  bt-iug  raretifd  by  tropical  bevl.  npNl 


aM^LMids  and  paaspt,  in  ihv  npper  otino(!|ihi>ric  rrjiiona  urt-r  tm 
iKrim.  and  a  currvnt  of  cwld  air  «rts  in,  in  tJu*  Juwcr  ahnuephttr 
fpirn*.  fh>ni  the  nurth  and  txmth,  to  take  ihr  plar«  of  the  riniif ' 
rrnl ;  a*  illuNtrali-<I  In'  llic  urrowa. 


ir. 
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These  currfnta,  toward  the  p«i!es  alKiTe  and  toward  the  equator 
low,  wonld  be  due  uortli  aiid  isuutli  were  it  iiut  for  the  rotation  of 
wuth  frum  wMt  to  eaet.  Tlie  surftice  of  the  (•arth  moTca  {omiot 
at  the  equator  Iban  lii  high  latitudes.  Hence  air,  coming  down  from 
the  pule*.  i»  coutinualtr  coming  to  places  where  the  t>ju-tli  is  moving 
ranter  and  faster,  and  it  therefore  lags  hchind.  This  effect,  near  the 
llUtor,  18  so  grout  that  thp  currt-uta  seoin  to  blow  from  the  nitrtbraxl 
kd  MUlheasi ;  while  it  is,  really,  only  \\\v  earth  sweeping  under  the 
currents  in  the  opposite  direction.    These  ar«  called  the  trade-winds. 

\26t9.  Variable  wIikIb. — The  dirwtion  of  the  upper  currcnte  is 

the  oppoflite  of  tlie  lower  ones  (alx>ve  described).    In  intermediate 

tttodea,  m  our  own.  Ibe  nppt-r  eum'tits.  becoming  cooled,  begin  to 

down,  which  commingle  the  upper  and  lower  curn'ms;   and, 

itwiag  in  i>p|)OBite  directions,  cause  the  extreme  varioblenead  of  the 

ada  cifour  climate. 

f'nriubleHesM  »/  u'ltuia  is  also  produced  by  more  local  cauaes*  as  hiUs, 
Jleys,  uouut&ins,  relation  of  laud  and  water,  etc. 

^64.  Land  and  sea  breezes. — Owing  to  the  greater  apecitie 

beat  of  wnler  (*W-l).  the  sea  heeomed  less  heated,  dnring  the  day,  than 

tile  land.     Hence,  toward  evening,  the  air  over  the  land  riiie^.  and  a 

♦nrfnce  current;  called  the  sea-breeze,  eeta  in  from  (He  water.     At  night 

\  ...'.   . ,  .k  faster  tlmn  tlie  water,  and.  conseijnently,  toward  morning 

'"'.  i;L     ',:lp-d  thQ  land'lfrene,  Kta  ill  from  the  land.    These  breeaea 

%ft  most  marked  otx  Ulanda,  especially  in  tropical  regions.    The  obange 

ofiuuonB  mo«liBe8  winds. 

26->.  Hurricanes  or  cyclones.— These  are  distinguished  from 
^olWr  teinp*:i.t«  by  their  extent,  power,  iind  sudden  change  in  direction. 
'^'x'T  nrolTo  around  an  axiis  uprigbt  or  inclined^  while  they  movo 
w  thcsurfaee  of  the  eartb.  Their  pntgreseire  velocity  is  from  10  10 
40  rnQcf  ppr  hour:  their  rotary  velocity  ia  Bometimes  100  miles  per 
'"'>'■  In  dinmulur  tlivy  vary  from  100  to  5(»0  miles.  They  rotate  in 
L^ilift'cfion  contrary  to  that  of  the  course  of  the  sun. 

.  ^(iG.  Tornadoes  or  whirlwinds  differ  from  hurricanes  chiefly 

,'■  extent  iiud  t^otitinuanee;  being  rarely  more  than  a  few  hundreil 

'iniireadth,  with  a  tnw^k  u.'inally  not  more  than  twenty-firo  miles 

Ml fcoifUi.    They  continue  but  a  few  (!econda;  many  timei^  acting  with 

[""•fsWneigy ;  overturniDg  buildinga,  uprooting  treeg,  etc. 

"'■'T-ipoii/*  are  wbirlwiuda  filled  with  water  or  rajmr,  instead  of 
"•'^Htclu,  da«t,cto. 

U 
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367.  Physical  propertdee  of  wlnda.— Winds  a 
rfry,  or  iiwinL  From  wvntly  desertB,  ihey  lire  hot;  rrom 
lower  Utiunlu»j,  the_v  aw  warm  mid  inoiBt;  and  IVom  the 
arc  cold  and  dry.  Our  northcust  windu  ore  cold  and  m 
they  come  over  the  Atlantic  i>c«an.  Tbo  Simoou  is  a  h< 
blows  from  the  deserts  of  Africa.    Its  temperature  is  often 

'36S.  General  direction  or  frequency  of  diffen 

— In  the  Tabk-  the  relalivi-  freqiu-ney  of  diflV-i-c-nt  wiudiflj 
total  number  of  winds  in  each  oouutry  being  1^000.        ^M 
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'iG9.  Figure  13.-J 
ters.  —  Pressure  Of 
Anemometers,  of  whicl 
many  kinds,  arc  insti 
roea^uring  the  pre88U& 
of  winds.  ^B 

The  auemometer  liMi 
si^'tii  (.tf  a  tuW,  oj>en  a 
beut  in  the  form  of  the  1 
end  of  one  arm  being 
horiiuulal  direction,  ant 
widened  to  receive  the 
whole  being  nicely  ad 
tane.  on  the  rod,  II  (whi 
into  a  block  of  wood  oi 
port),  BO  the  month  wil 
wind.  Fill  the  insCmme] 
full  of  water  and  it  is  rei 

OpER-iTioN. — The  wil 
uptin  the  flnid,  depresvi 
tutie.  as  at  A.  and  eleval 
vther.  as  at  U  lU  indij 
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arruws.  The  weigtit  of  tlie  water  standing  between  the  level 
<tr  A  and  I^  wjuais  tlie  preuurv  or  forct  of  tii«  wind,  but  not  it* 
vdaeity. 

970.  Velocity  of  winds. — The  veloftitj  of  winds  la  indicated  bj 

'  fort*  or  juvasure  which  they  exert. 

The  cITcci  of  moving  the  instrument,  Ihnmgh  still  air  being  the  same 

I  if  it  were  at  rest  and  the  air  in  motion,  to  prepare  the  ingtrumeni 

bf  tertiiig  the  velocity  of  different  winds,  let  the  above  anemomi'tiT 

moved  thittugb  etill  air,  on  a  calm  day,  by  any  means,  as  on  a  car- 

[Tiigp  or  an  open  rail-car,  at  various  ratted  of  speed,  and  mark  th«  rise 

|tf  the  flnid  for  the  different  velocities  on  the  tnbe,  as  ahovn  by  the 

Inated  scale. 

Tbf  tube  iB  diminished  at  the  bottom  to  check  the  undnlations  of 
IttemtKr. 

The  force  of  the  wind  ia  as  the  square  of  the  velocity ;  and,  hence, 
the  Telwity  is  an  the  square  root  of  the  force. 

The  velocity  of  winds  varies  from  that  which  scarcely  moves  a  leaf  to 
■hioh  overthrows  a  forest. 

The  following  table  shows  the  corresponding  height  of  water,  velocity 
af  wind,  and  force  exerted,  u[>un  a  square  foot  of  surface. 

V8LOCITT  AMD  roaOB  OV  WtXD. 
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HRA SURKMKKT    ftP    TKX FB R AT C R KH. 

Thermometer*. 

Bvforo  explaining  tlie  principles  of  ratHaiion,  the  use,  constrnctira. 
and  method  uf  nuiking  tliertnumutcra  trill  be  explained. 

STl.  Thermometerfl.— A  tliennoiDet«r(heat-measarer)  is  an  in- 
strument for  mc-aanritig  ttittptrratun^  (200) ;  and  depends  npon  tiif 
principle  that  bodifs  expand  when  heated,  and  contract  wlicn  ooulftj. 
Tlierinonicu-ra  have  b^>n  made  of  many  different  subBtanceis,  mcIi 
being  etlected  as  a  tilundard.  For  special  purposes  the-)'  an-  nude 
eitber  uf  tioliUii,  liiiuids,  ur  gases.  Fur  cumiuon  purposes,  howetcr, 
mercury  is  preferred,  because  of  its  great  range  of  teraperature  berawo 
its  freezing  aud  boiling  points;  and  because  it  affords  uearly  uuifuni 
increments  of  expansion  for  nniform  increments  of  heat;  and  becaiae 
it  docs  not  vaporize  in  the  vacuum,  and  is  not  too  hulkj. 

$7^.  Figure   14. —  Mercurial  thermometer.  —  This  flW- 

ubU  of  a  bulb  of  glius,  at  the  upper  extremity  of  Hhlch  is  a  nvmm 

tube  of  uiiiforin  bore,  bermetittllT 
sealed  at  its  upper  end,  as  sltoini 
by  F,  C,  and  R. 

The  bulb  and  part  of  the  tube 
are  filled  with  pure  mercury,  and 
the  whole  h  attnehcd  to  a  fniiiic! 
on  whieh  is  a  graduated  scalf  for 
measuring  the  m&  and  fall  of  tb« 
mercury  in  the  tube. 

Of  the  ordinary  mercurial  Uior- 
mumei*ra  tlicro  are  three  kinJ*r 
Fahrenheit,  Ccntigrade,axiA  ^*'' 
mur ;  resiH'ctively  represented  in 
tlie  diagram  by  P,  C.  and  tt  The 
F.  is  mostly  employed  in  th* 
Uuited  Slates  and  England;  lh« 
Ct  in  France;  and  the  R.,  iaOef* 
many.  The  principle  of  o|Kra1wn 
is  the  same  in  all ;  the  diffcn-D** 
between  them  consisting  in  th« 
gnuluntion,  as  shown  in  thefipi'^ 
In  the  Fahrenheit,  the  inter- 
mediate apace  ItetwL-en  tJiefreoainff 

and  boiling  points  (of  waler)  is  divided  into  180;  the  freezing  |»in* 
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ig  marked  32°.aiiil  the  botling  point,  'Z\T.    The  bcto  m  thia  u  32" 
c-low  the  fntiiag  poiaU 

In  the  CtHdgrade,  the  freezing  point  (zero)  is  niarktMl  0,  and  the 
Uiiliag  poitjl,  100*. 

die  HtrtmmuT,  the  flretzing  point  (zero)  \%  also  morkod  0,  but  thu 
point  80°. 

below  zero  are  deeigoated  by  prefixing  the  elgo  minus  (— ). 

\7S,  Conversion  of  thermometric  scales.  —  lu  rendiug 
books,  it  IB  oHea  iiti^otisury  to  couvfO'C  ont;  of  thc«o  MiUes  into 
ler :  h«nce  ihf  following'  rule* : 
"he  tVnfiffratir  is  n^uei-J  to  the  FnhreuheU   by  multiplying  the 
Dnnber  of  degrees  by  'i,  dividing  the  product  by  5,  and  uilding 
;  ■  ■':    ■  Hotitnt:  and. 
TJ  niiur  U}  the  Ftthrtnlmt  by  multiplying  by  9  uad  dividing 

t,  and  adding  3<!:  or, 
?be  Fahrenheit  to  the  othera  by  reversing  theac  procesaea.    Exam- 


it  too  X    9  =  900  ^  5  =  ISO  +  32  =  SI2^  Fah. 
»L  rtO  X    9  =  :aO  -r  4  =  180  +  32  =  212"  Kah. 

aia-32  =  i80xs  =  »oo-*.  «  =  loo" Ccul 

i!l«-3S  =  180X  4  =  720-i-    0  =    SOMtOau. 

\S74-  Fifitire    16.— Method  of  making  a 

leter. — Th<:-  gltiait   bull)   and   tube  being 

vith  a  funnel  at  the  Lop,  ud  dhown  ut  A,  is 


Via.  15. 


ij  lilted  with  mercury,  as   eran   at 


The 


[■»  tbon  heated  till  the  mercury  boiJH,  thus  fill- 
lube  ;  wIk-u  tlie  funnel  in  luellvd  off.  and  the 
rti?  hinnfticatly  eenled.    On  cooling,  the  mercury 
(biis  Ui  »<inif  |>Qint  of  the  iuU%aB  shown  in  K, 
innife  vacuum  at  the  nppiT  end.    It  only  remains 
'pidiiate  itt  and  attach  a  finitable  scale. 


i^tl.  standard  polnta  in  the  thermome- 
r,— It  tbejv  exi«t^-d  a  DAtnnii  or  absolute  limit  to 
■p>-nlurv,  either  vf  beat  or  cold,  it  could  be  liilcen 
Ilif  Dtttiiral  wm,  from  which  the  therm<>m«tric 
|hl  I*  numbered,  cither  upwanl  or  down- 
It  Rut,  M  there  is  no  such  uatniul  limit 
HTD,  the  thermomctric  scah-  muct  be  iirhitrary. 
I  lb*  me!'  t  of  id'  and  the  t)oiHnp  point  of  wiiter,  nniier  oe^- 

jpt«n   L. .  -i*.  utv  alwiiyii  the  same  (respectively  calleil  the 
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/reezlwf  and  baiiing  poitUii),  they  liure  bceii  adopted  id  alt  cot 
the  two  tcmpcruturee  with  reterence  to  which  tburmojnctrio_ 
oonstnicted. 

SYS.  Figiire  16.— Method  of  gradxiating  thermoi 
— Fixing  the  freezing  point.— To  fix  the  freezing  poinl 
thcrmomL-t4T,  thrust  thf^  Imlb  and  part  of  the  stem  into  a  rei 
powdered  ice,  U8  exhibited  in  the  druwing,  which  will  contm( 
meronr}'  down  to  the  tf^mjiemture  or  the  melting  ice.  With  a  dia 
mark  the  position  of  the  merouiy  on  the  tube,  or  by  other  men 
paper  preriounly  uitachMl  to  the  tube. 

If  it  is  to  be  a  rahreiiheit  thermometer,  mark  this  |>oiaJ 

shown;   if  n  Centigrade  or  Reaumur,  mark  it  0.    This  vtWn 

tnte  the  freezing  poiutj   and   in  the  Centigrade  and   R^'auma 

sero.  M 

Fic,  10,  Fio  17.  ^ 


N,  212 


TTT.  Figure  17.— To  flx  the  boiling  point  of 

meters. — Tk  ti\  fch«  boiling  jKiiut,  plungi-  l:h.!  inritrnraent  int 
wattT.  or,  what  is  more  aeouriLte.  a  st^-am-bath,  by  means  of  a 
Been  In  the  llgure,  leaving  the  top  of  the  stem  or  tnbe  in  viov, . 
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fy.  A  (tor  (he  roercnry  wflses  to  riae  ia  the  tabe,  Diark  its  position, 
^in  the  lut  case. 

If  it  i«  to  be  a  Fahrenheit,  mark  it  212,  ne  sbown  ;  ir  a  Centigrade, 

);  if  D  Reaumur.  SO;  and  this  will  constituU;  tbu  boiling  point. 

To  complete  tbe  graduation,  divide  tbe  epfkcc  between  the  frc-ezing 
ud  boiling  points  into  as  many  e*\im\  parte  as  there  are  designed  to 
bei]egT«e«  in  the  scale.  The  divisions  are  continned  both  above  and 
below  the  fixed  pointa.  The  fignrea  expressing  the  number  of  degrees, 
iDCTowc  apward  and  downward  Trom  aero  (0).  Prefix  the  sign  minna 
^]  to  oil  degrees  below  xero  (376). 

Teats  of  thennoin©t«r8. — For  ordinary  use*  therraome- 
»y  be  lesteii  by  tlinistmg  tli»-m  into  melting  ice  and  boiling 
nu-i,  to  determine  if  the  freezing  and  boiling  points  are  correctly 
ftifd  or  marked.  When  inverted,  the  mercury  shonld  fall  with  a 
Ridden  elick.  and  lill  the  tube,  cliua  showing  the  iH^rfecr  exclusion  of 


\£79,  Sensibility  of  a  thermometer  is  of  two  kinds.  It  may 
itoiU- very  small  diffcrenecs,  or  it  may  be  very  sensitive  to  xuddtm 
fijFfj  of  tcmperatnre.    The  former  obtains  when  the  buJb  m  large 

_     the  borr  nf  Ihe  itiem  is  small;  the  hitter,  when  the  bulb  ta  small 

'ttdlbef//au  thin. 

\S80.  laxuita    of  the    mercurial    thermometer.— Though 
*miTy  in  hy  fiir  th«  most  avaiUble  tht-rmometric  fluid,  yet  it  has  its 
!''«;  that  is.  it  boils  at  tlW  above  zero,  and   fntzea  at  39%  K., 
Mow  WTO-    Henoo,  for  testing  tempemtures  above  and  below  these 
■  '  .  r  eubetanees  must  be  employed.     For  degrees  above  the 
mt  of  mirrcury. ;j^roM«/«-^  are  used;  for  degrees  below  the 
^^ng  point  of  mercory,  alcohol  is  employed. 

^Sfimeitri  aw  m:u\v  in  varimis  ways — the  principle  employed  la 
:  of  them  beiu}^  the  expansion  of  solid  metaU  by  heut. 

$81.  Spirit  thermometers.— Alcohol  has  never  be^^n  tro^en, 
is,  therefore,  generally  employed  for  the  estimation  of  hm  tem- 
For  this  ptirjKwe  it  is  udually  colored  red,  to  render  It  more 

IB. 

hiffher  iemperuturesi   however,  alcohol  cannot  be  employed. 
I  limit,  in  this  direction,  is  soon  reached ;  its  bulling  point  being 

liV  rt wmOfn*/pr* are  the  beat,  because  most  accurate,  for  very  high 
tptmtnrea. 
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28 £.  Piyura  18.— Self-registering  thermometers.-  

d«-8imhle,  gooietimes,  lo  wwrtain  the  highest  or  lowcit  lerapcraiiinC 

Kni.  iH  or  both,  in  placwi  end  at  tini'  -  -' 

when  it  is  impoesible  or  inc< 
uiuke  Db«crvutiotifi  of  the  intiinimeni] 
ill  deep  water,  or  in  the  niglik  or  al 
iuaccii^sinble  distance. 

For    this   purjwse,  wlf-regie' 
mometfrs  of  various  kinds  arc  t-.'..^;.. 
The  one  heru   tvptiraent^d   oonnfiK 
ein^lc  tube  twlc4>  Lent,  hariiip  li  loti^ 
linclriaU   hiilh,  nil«l  with   ali^httl,  wl! 
rsHchcs  dovn  the  small  tnbf-  lo  U,  when  it 
rt'sts  «u  mercury;  the  in- 
duwii  Uie  enmll  tabearuurr 
ftbovf  thU,  the  ttibc  is  tilled  with  ilo< 
ami  air;  80  llmt  thi-  lower  t        ,  '  :'n'|ii 
A,  15  filled  with  a  hvavy,aii'  i'V^\ 

wiih  a  light,  flnid.    Opposite  H  aiv 
iron  diskft  or  flouts,  niadA  to  work  ia 
tiilw  with   a  little  friclion,  hy  nifaasl 
I  lir  BpriojFB,   which   kn!p   Ihrm    in  ii> 
^i\<'n  jiluoe,  unletft)  moved  lif  i\w  mi-i 
luid  patit  which  the  aloohul  can  frtvly 
Thc«e  diikK  are  pat  in  ooutnct  wJili 
nicrcury  (un  which  thi-;  float),  by  laeuas  of  a  mafpiet  oorried 
otiUidt^  of  the  glaaa 

Opbratios.— When  the  alcohol  in  the  Inrge  bulb  expand*  bv 
it  drives  the  niercury  and  floBts  around  before  it;  when  it  contrart 
cold,  tht'  float  on  the  right  hand  i»  held  in  its  highest  poeltioo  bjrj 
friction  spring,  while  the  mercorr  is  driven  bock  by  the  alcohol 
cxiMnniun  of  air  ahore  it     When  the  alcohol  id  the  Urge  btJb 
ooDtract'ed  by  oold,  and  then  again  axpanded  by  heat,  the  float  ouj 
left  hand  will  he  loft  at  it»  highr^tt  poinU 

^kl,  after  liic  instrument  has  beon  submitted  to  difforetil  t«Bi| 
turea,  as,  for  instance,  at  some  place  in  a  distant  for«st,  oroo  a  moa- 
taiii,  iuioW'rre<l  for  a  whole  year,  it  can  ih^xt  be  inspecte^l.  and  t*^ 
ponition  of  thc»e  floats  will  show  the  hm»t  and  hifffitff  li^mpenaa  »^ 
that  ha^i  obtained  daring  the  year. 


^S3.  Figure  19.— Difforeutial  thermometara.  —  Tlw 

Jcct  of  thc«e  iuslnimenls  it  to  determine  the  iliffcrenre  of  trmpermtart 


ro  diOcrenl  poinla  or  siibstuncm.    The  one  h(-re  represent^  oon- 

of »  tttvlmltteii  tube.  Iwnt  twici:'  at  right  aiigk-g;  tlie  mbu  being 

Jjr  iillwl  with  ulobol  or  sulphuric  acid,  ami  air  occupying  the  bal- 

iioe  of  the  space.     It  Irath  bulba  ar?  equally  heuted,  thv  titjiiid  irill 

'  at  the  aanio  height  in  both  bnuiclic-s  of  the  tube  ;  but  if  one,  as 

Fto,  IB 
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morv  than  the  other,  tlu*  liquid  uill   be  depressed  io  tta 
at  N,  and  rise,  m  at  T,  in  the  other  bratich,  aa  indicatetl  by 
[tfrawi,  until  the  tensions  in  the  two  bulbs  balance  each  other; 
At  graduated  Hcalc  attached  to  one  of  the  arms  will  show  the 
of  tcmperaturv  of  the  two  bulbe. 

KAUIATIOIt    or    QKAT. 

¥^.  Badiation  of  heat.— 1st  Uut  bodies  radiate  heat  equoUs 
I  JirfftioHA. 

liatwl  hiai  iinK'tt'tU  in  rf might  ^t;)w.  diverging:  in  every  dirw- 
the  points  wb**re  it  emanates,  Riunc  as  rars  of  lipht  tnm  a 
lovut  body.     1'hose  ]Uu'»  are  called  themtttl  raya  or  Aeal  rays. 
I  ii  iht  radiant  heat  of  the  sun,  a  common  fire,  a  burning  lampf  et<Xf 
varma  ds. 
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28S.  Cooliusr  by  radiation.— Thenuat  nys  ooDtiuoc  to  Imvik 
until  Ihc  hvox  of  tlio  IiikIj  aiiiks  to  the  actual  U;m|)«iuturo  of  tbe  air, 
or  siirniuiitling  mfdiiim  (203), 

UoDdoction  of  heal  may  bi*  internal  nuliation  from  iMutklc  topKf- 
tjulo,  teroieti  iHi«rititutl  radtattoH  (^40). 

S8G.  Iut«iuity  of  radiation.— The  iotoosity  uf  nuliaal  biiilii 
according  tu  the  following  laws: 

Ist.  //  i>  projHirtivHal  to  Iftf  temperature  of  t/tf  *ource. 

2d.  //  I'jt  ffrmter  in  proportion  as  iht  ray$  at*  tmiifjui  in  t$  dintiiM 
more  nmrlt/  perpendicitlar  to  the  radiating  turfac*. 

3d.  It  in  intvrstiy  aa  the  equate  of  the  dintanee  fmm  the  s»nrff. 

This  law  ia  the  aaimr  as  that  uf  thi?  rorci;  of  ferity  and  thv  mltaatj 
of  light,  aiid  is  illtutrutud  and  i:xplained  by  pursgraiih  17. 

J*,<?7.  Badiant  heat  is  partially  absorbed  by  the  mediuffl 
through  which  it  passes,  but  is  aot  sensibly  uf1".<f.-il  t.y  ili^  -....(».. 
or  the  media,  lu  of  wiiida  in  air. 

The  atinV  rays  lose  about  ono-third  of  iln^ir  hwit  in  iiasdiij;  thn'Dii; 
tbv  atmosplmre,  the  rcmuinilcr  ticiitg  ahaorbed  or  rvHi-ctt-'d  At  the  siirf>:> 
or  the  earth. 

S8S.  Radiation  in  vacuo.— Badiation  takt*  plwe  own!  bv^i 

in  a  vacntim  than  itt  tbe  air. 

SS9.  Universal  radiation  and  constant  mutual  exclu 
of  hoat  between  bodies. — /feat  ie  radintnl  /rum  nit  ■ 
limett,  whctlitT  Ihi-ir  t4!miH.Tatiire8  be  the  samo  oa.  or  dillVi.. 
that  of  Burrounding  bodies;  for  it  is  the  tendency  of  hoat  to  pl»*^ 
itffuir  in  ecinilibrium  {tJO;i).     Of  wveml  bodice  of  diffi.-rent  t-  ■ 

tbe  hotter  unert  give  off  more  than  they  ivceivc.  and  tbi;  ■    i»l 

absorb  more  than  they  give  off;  and  when  ebns  equilibrium  is  rulor 
ea<!h  body  eontinuen  to  give  off  and  absorb,  but  in  eriual  c|a«DtiCle». 

AOTtOH    OP    DIPPRaSKT    noniKft    tTfOS    DHAT- 

Surfaco  Action. 

290.  Incident  heat  absorbed  and  reflected.— A  r»r  of  \\' 
iiilling  upon  thf  durf'iicc  o!'  n  bixly,  is  dividccl  into  two  purts,  ntie  o^ 
which  enters  the  body  and  is  absorbed,  and  the  ntber  is  deflected  oi 
bent  fhnu  its  eonrae.     This  beittling  is  ealle^l  rffiertion.    The  law*  of' 
retliocion.  as  relate  to  the  angleE  o(  inoi(li-tio>-  and  n>QeotJoti,  arv  tlK- 
same  m  for  light,  aouod,  and  motion  (57).    The  point  wfaeiV'  the  b>'<od- 
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ooouTi  is  cullDd  i\\e  point  of  incidenoo;  before  incidence  Ute  my  is 
"cmllni  the  incident  riii/ ;  aftvr  incidciiou,  the  rejiecteti  ray.  A  pt-rjion- 
dicular  to  the  rvQectiiig  siirtace  At  ttie  point  of  tncidencu  is  termfd  tlir 
ffornw'.  Ttie  augles  formiHl  hy  Uie  incident  and  reflected  ruys  wilb 
the  DOrm*l»  are  c»Ilid.  regjteclively,  angles  of  incidrntv  and  rpflvction. 
Tbu  plMie  of  tlio  incident  mj  and  the  nonna)  at  the  point  of  incidi-nce 
18  oalletl  the  piaiia  of  incidence.  The  plane  of  tho  normal  and  the 
nAeotcxl  rmy  ia  called  the  phtu  of  refleciion. 

29  J.  Ftgaure  20.— Laws  which  govern  the  reflection  of 

lii.  TH#  plant*  of  incidence  and  reflection  eotncide. 
3d.  ne  angles  ofiucidencn  and  rejtection  are  equal. 
1^  W  be  a  tin  box,  with  blackened  faceK,  and  filled  with  hot  water; 
,111  intercvpling  ttciven,  provided  with  usmall  opening';  A.aretlecting 
irfiKM;  and  F,  u  diir«rential  theruiotueter.    HL  in  a  normal  to  the 
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^HflRlIniE  snrfiiei'.     The  surface,  J,  radial4.-s  heut  in  all  directions,  )>nt, 

^^^^e»n»  of  the  acKcn,  T,  as  shown,  only  u  single  ray  ia  ^K-rmiltrd  to 

lUlon  the  reflector.     By  (his  apparatus  it  is  demonstrated  thai,  what- 

;br  the  ralne  of  the  angle  of  incidence,  the  planes  JLN  and  XLF 

vith  each  other,  and  tbo  anglus  JL\  and  NLF  are  eqnal  to 

I  OtllLT. 


S9S.  Fiffore  21.— Reflection  of  heat  from  concave  mlr- 

nw.— Thij  ftpiPr  reprwients  ta-o  eoncuve  mirrors,  which  are  paraboli- 
od  b  idiapv  (392),  liimed  fnce  to  faee,  ealU'd  conjutfniti  mirrnra.  The 
umU  iMh  mirrors  is  a  nonna)  to  the  durfacc  ut  the  middle  (wiat 
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In  iKicordance  with  the  lawa  just  explained,  ravs  of  ht^at,  as  well  as  rays 
of  light,  iKirallul  to  the  axis  or  audi  tnirrurs,  will  be  reflucttiU  to  u  singli- 
poiiiU  cullmi  the  Tocus  of  Die  mirror;  and,  conversely,  nys  mdialing 
from  tliv  focus  will  Ih-  ri-flcctod  in  lin^g  |iaralk'l  to  the  axia.  This  ia 
domonstrated  by  placing  a  piece  of  iiiflammabk*  snhgtan<!e,  M  p1io«]>bii- 
ru8,  in  the  cup,  A,  at  the  foctis  of  the  mirror  on  tht  right,  and  a  lieatMl 
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cai)Dun-b»ll  in  the  focus,  T,  of  the  other  mirror.    As  iudiral^  hy  the 
liucs.  arntwa,  and  etmoke,  the  heat  from  the  bull,  T,  will  tje  rtiflectvd 
from  lht.>  left-hand  mirror  to  the  right-hiuid  mirror  in  inarallcl  linea. . 
and  again  rc-flected  to  the  cup,  igniting  the  phoiq>hor'U9.    The  inirrorai 
may  he  aeveral  yards  from  each  other.    Single  panilx»lic  mirror*,  called 
burning  mirrors,  are  employed  to  collect  the  rays  of  the  eno. 

The  reflection  of  heat  in  vaono  takes  plaoo  according  to  the  same 
Itiwa  as  in  air. 

S9t?.  Befloctive  power  of  different  fiubstanoes. — Different 

bodiee  po8bi'Mi  Uitftrtvul  powet-a  of  n-floctiou.  Some  eubstunces  rfJtfH 
more  and  absorb  less;  othvi-ii  absorb  more  and  reflect  Xvha  thiin  othem; 
hence,  there  are  good  and  had  abtorber*.  Good  reflectors  ar^  bad 
alMwrbern  ;  and  ba<l  reflectors  are  good  aimorbM-g. 

$94-  Determinatloii  of  reflective  power.— The  sourco  of 
heat  is  a  lin  cani,-=t<T,  F  (Fig.  i-i).  tillod  witli  boiling  water.  Tbe 
thermal  rnys  are  couTei;gcd  by  the  ooncuiTc  mirmr,  £,  and  throTrn  npon 
a  small  plate  of  the  Bobatance  to  be  tested,  by  plnciug  it  Iwlwc^n  th«- 
mirror  and  focus,  so  that  the  ray«  reflected  from  the  substance  ahall 
fall  npon  the  bnlb  of  the  differential  thermometer.  Tbe  substiinott  is 
not  shown  in  (he  fignre. 

Polished  hradg  passenee  the  highest  reflecting  power;  silTer  reflects 
nine-tenths,  tin  eight-tenths,  glass  on(;-tenth  as  much  us  hmsB,  Plates 
blackened  by  smoke  do  not  reflect  heat  at  all 
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%9S.  Figure  32.— Absorptive  power.— Aa  previously  Btat«d^ 

[AilleKut  suliatuiiccd  |H>ii£i-su  very  differcut  powers  of  absurbtiig  heat. 

]  Tbe  absorjitJTe  power  of  a  subslaiicv  i>t  in  tht*  n^wrw  ratio  of  iU  ruflec- 

lire  power;  tbe  best  tvflwtors  being  the  worst  abaorbeut^i  auii  viuc 
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Lei  the  gouifo  of  lieut  be  ti  oanistpr.  K,  iif  lioiling  water;  bring  the 
"'MTmI  mjs  to  B  fouiia  by  nitiuis  of  Uk-  pmiibolic  mirror,  E,  a«  rcjif^ 
•Mited.  In  the  fociw  plate  Ww  bulb  of  tlie  UiflerKiitial  thermometer. 
_<nccif8ajvelT  covered  with  the  iliftVreiit  snbstunccs  to  be  tested. 

Substances  blackened  with  smoke,  or  covered  with  carbonate  of  lead, 
>rb  oe&rly  all  \\w  nuliuted  heat  thrown  upon  them;  glaag,  ^,"1,: 
Blifihed  cast-iron.  ,»,»a  ;  tin,  ^  ;  ailver,  yj^. 

A.b8orptive  poorer  of  colors. — The  Rame  cloth  differently 
Wiored  has  different  absorptive  povcerg.  According  to  their  absorbent 
POWPT.  the  color<t  Hlaud  in  the  following  ordt;r;  black  (warmeat),  violet, 
'"^igo,  bine,  green,  red,  yellow,  and  white  (coldest).  Hence,  snmmer 
Nothing  is  made  of  h'ght'coiored  and  winter  clothing  of  dark-cnforftf 
">rica. 

S96.  EmiBaion  or  radiating  power.— The  ennssion  power 
**  *  body  i(«  Ua  laimcily  Uy  emit  or  nuiiiite  the  heat  it  conlaiiis.  To 
termine  the  emission  power  of  difteivnt  substances,  tlic  apparatus 
'ig.  22)  above  de«pribed  is  employed. — The  different  sidei  of  the 
Cftnialer  being  made  of  the  different  substances  to  be  tested,  as  tin, 
'"'^^  blackened  surfaces,  glass,  paper,  etc  On  turning  these  different 
toward  the  mirror,  the  thermometer  indicates  different  degrees 
t«inppniture.  Es[>eriments  show  that  radiating  |>ower8  of  bodied 
the  Hime  OS  their  absorbing  |>owers ;  tliat  is,  a  good  radiator  is  a 
absorber,  but  a  bad  rellMrtor;  and  vice  versa. 
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297.  Causes  which  modiiy  the  refleotlTe,  absorbent, 

and  emission  powers  of  bodies.— These  canses  are  polish,  density, 
direction  of  the  incident  rays,  nature  of  the  source  of  heat,  and  color. 

let  Other  things  being  equal,  polished  bodies  are  better  reflectors 
and  worse  absorbers  than  unpolished  ones. 

2d.  Other  things  being  the  same,  dense  bodies  are  better  reflectors 
and  worse  absorbers  than  rare  ones. 

3d.  Other  things  being  equal,  the  nearer  the  incident  rays  approach 
the  direction  of  the  normal,  the  less  will  be  the  portion  reflected  and 
the  greater  the  portion  absorbed. 

4th.  The  nature  of  the  source  of  heat  sometimes  modifies  the  reflec- 
tive and  absorbent  powers.  For  example,  a  body  painted  with  white 
lead  absorbs  more  heat  from  a  canister  of  boiling  water,  than  though 
the  same  heat  were  emitted  by  a  lamp.  But  if  a  body  be  painted  with 
lamp-black,  the  amount  is  the  same,  whatever  be  its  source. 

5th.  Other  things  being  the  same,  light-colored  bodies  absorb  less 
and  reflect  more  heat  than  dark-colored  ones  (296). 

DIATHBRMANCT  —  KEVBAOTIOIt  —  POLARISATION.   . 

298.  Transmission  of  radiant  heat. — Light  passes  through 
all  transparent  bodies,  from  whatever  source  it  may  come.  The  rays 
of  heat  from  the  sun  also  pass  through  transparent  substances.  Radiant 
heat,  however,  from  terrestrial  sources,  is  in  a  great  degree  arrested  by 
many  transparent  substances,  as  well  as  by  opaque  bodies.  For  exam- 
ple, window-glaea  remains  cold  while  the  heat  of  the  sun  passes  through 
it,  but  the  same  glass  held  before  a  common  fire  arrests  a  large  part  of 
the  heat,  and  none  of  the  light.  Rock-salt,  however,  will  transmit  the 
heat  of  the  fire. 

Bodies  which  transmit  heat  are  termed  diathatnanouSt  or  diathennio 
(signifying,  through  and  to  heat). 

Many  substances  are  eminently  diathermic,  which  are  nearly  opaque 
to  light ;  smoky  quartz,  for  example.  Hence,  solids  that  are  trans- 
parent to  light  do  not  necessarily  allow  the  passage  of  heat,  and  vice 
versa. 

Rock-salt  is  the  only  substance  that  transmits  an  equal  amount  of 
heat  from  all  sources.  This  substance,  therefore,  is  to  heat  what  glass 
is  to  light ;  and,  hence,  Melloui  called  it  the  glass  ofheai. 

299.  Causes  which  modify  the  diathermanic  power  of 

bodies,  are,  the  nature  of  the  source  of  heat,  the  degree  of  polish,  the^ 
thickness  and  number  of  the  screens  through  which  the  heat  has  been— 
previously  transmitted. 


\0Q.  Diathermancy  of  the  air.— The  utmospbere  is  very  dia- 
laitii.-.    If  it  weiv  nut,  thu  ujipi-i-  labors  wouU  tw  much  heated  by 
Bolar  rays  jHtssiog  through  them;  aud  the  earth  would  receive 
I  wneflpondingly  less  heat  from  the  suu. 

SOI.  Piffore  23.— Refraction  of  heat.— Tleat,  like  light,  is 

'lefnctol  or  bent  out  of  i[»  course  in  pitssing  ohliqiiely  through  clia- 
ikeniuuiio  sulMtarices,  aa  shown  by  the  flguri',  illustrating  thu  burning 
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which  consists  of  a  double  convex  1«U8.    By  8iidi  a  lens  the 

of  Wt,  nut  only  of  ih^  sun  but  other  heated  bodies,  are  concen- 

tnti-d  and  brought  to  u  focne,  game  ns  rays  of  light.    GIu^  lenses  are 

>^  for  oondensing  the  bout  of  the  Buaj  Ijut  they  will  not.  (X)ndonae  the 

i"^t  from  other  sources ;  besides,  they  would  thcmi!elvcs  become  heated. 
't  ia  onl)'  with  a  lend  of  roch-mlt  that  heat  from  other  sources  tlum  the 
•"n  em  be  condensed  by  refpactiOQ. 
I   Bnnpowder,  paper,  and  other  conibustiblea  have  been  inflamed  with 

Ixoaos  of  thin,  pure  glass,  from  one  tn  thrr*-  feet  in  diameter,  have 
^^^latilited  the  meet  lixed  iiielals  at  the  focal  point,  and  6red  ships  and 
boQseg  at  a  considerable  dietauce. 
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302.  Polarization  of  heat.-- Heat  is  polarized  in  the  same 
^niier  aa  light  (513).  It  undergoes  double  refraction  by  Iceland 
*P»r.  and  the  two  beams  are  polarized  in  planes  at  right  jingles  to  each 
other.  A  |H-iiL'il  of  heat  polarizeil  by  a  plate  of  tourmaline  \»  trutis- 
laittM  or  intercepted,  by  another  tourmaliuc  plate,  under  the  same 
jfiircuinstauceB  that  apeucil  of  ]R>larized  light  would  be  trantmiitted  or 
teroeptei 

IVIamat-ion  of  heat  is  also  cfl'ected  by  reflection  from  plates  of  glaw, 
■nd  by  repeated  refractioD. 
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oiiAtroB  OP  8TATK  OP  nonise  by  the  actiam   or   hbat. 
Latent  Heat. — lAqueftictlon  and  Solidification. 

SOS.  Latent  heat  of  fiusion.— During  theconvenion  of  naolid 
into  n  liquid,  or  a  1ic|nid  into  a  gus  or  vapor,  a  certain  quantitj  of  hnt 
iB  absurbud  ami  disa[)]M;ars,aii  llitit  tlie  thennomet^r  and  the  senaBBgin 
no  evidetico  of  its  exifitt>nce.  But  when  Uif  siimi>  vti|x>r  or  gas  is  again 
uunveried  to  a  liquid,  or  the  liquid  to  a  solid,  tliere  will  be  given  off 
aud  rendered  evident  to  the  Ibemiometer  mid  senses,  or  get  free  from 
the  substance-,  tlut  ^ame  amoutit  of  free  heat  an  before  wae  abwrbcd. 

This  heat,  thns  absorbed  or  rendered  insensible  by  changinR  matter 
fiam  a  rteHse  to  a  mrfru  rarfjied  form,  and  again  set  free  and  rendered 
Bensible  by  cliunging  matter  frum  a  ranged  to  a  detiser  form,  is  called 
hf-i-ni  hfiiL 

KxAMi'LE. — Ifa  poimd  of  pulverized  ice,  ai33°  F.,  be  mixed  with  a 
pound  of  water  at  174°.  the  heat  of  the  water  will  be  just  sufticieiit  to 
melt  tht--  ice;  and  there  will  result  two  ]»>uudH  of  water  at  the  tem- 
perature of  32°.  Hence,  Hi*^  of  heat  of  the  water  have  been  absorbed 
and  rendered  latent  in  converting  the  ico  to  water.  But  ifa  poand  of 
the  water  l>e  reconverted  to  ice,  then  the  142°  would  be  again  set  treb. 
Uonce.  we  say  t  he  latent  lieiit  of  wiiti-r,  at  32°.  is  1 43°. 

S04'  liquefaction  and  solidiflcation,  or  melting  and 
freezing*. — When  a  body  puBsea  from  a  solid  to  a  liquid  statev  it  is 
eaid  111  melt  ct  fuse ;  aud  tho  aot  of  converuion  is  called  fusion,  or 
li^uiftirfiott.  Tho  act  of  passijig  from  the  liquid,  to  the  solid  atate  is 
termed /rMzfrtjf,  coiiffelalion,  or  Aolidijication. 

Kxpansion,  the  HrBi  elfect  of  heat>  has  a  limit,  at  which  solids  become 
liquids.  Tlie  force  of  cnhcsion  is  then  aitbordinule  to  the  power  pf 
repultiion,  and  fusion  reNults. 

The  Urn's  of  ti^ttefarfion  ami  solidifiaitwH  are: 

L  All  solids  enter  intu  fusion  at  a  certain  temiwrature,  iuvariable  for 
the  same  enbgtAnce. 

2.  Whatever  may  be;  the  int^msity  of  tlie  source  of  heat  when  the 
fuHJuu  commences,  the  lempenUure  remains  the  same  until  the  whole 
ma&a  is  fusctl. 

3.  Ifa  liquid  body  be  allowed  to  cool,  it  solidities  at  the  same  tem- 
perature at  which  it  fuses. 

4.  The  temperature  ofa  body  remains  the  same  from  the  commence- 
ment to  the  end  of  i(-8  solitlilication. 

5.  The  tempentture  at  which  futjioa  takes  p1a(^e  is  diffen^nt  for  diF' 
ferent  bodies :  for  some  it  is  very  low ;  for  others,  reiy  high,  as  shown 
by  the  followiug  table. 


iT« . . .  .*  — 

Tilki- 

Silphnr  . . . 
Tin". 


SoiDL'  t>odit>«  do  not  melti  but  are  deoompowid  by  hfcat.  tut  [mpf-r, 
1.  hme,  marble,  etc.     Bodieii  composed  of  a  simplti  elt^nient,  or  lutt 
icinii  of  niatUT,  always  melt ;   though   carbon   haa  ruaitiU-d  ull 
uiemptii,  us  yet.,  to  fuw  iL 
SuljtUuicus  difHctitt  of  Aifflon  are  oalted  re/nictarif  bcHlieis. 

S05,  Peculiarities  in  the  fusion  of  certain  solids.— Cer- 

Ujii  Hiliiiii  5ortf(i  fiL-liiie  they  iiu-lt :  u,-t  utllow.  lutlit-r.  v>a\.  i-tu.  TlilB 
is  becatuo  tbty  an*  comiHised  of  sevi'ral  substaiictis.  wbioh  molt  at 
diflerenl  (emiXTalnres. 

Mi'tali  thiLl  are  capable  of  bt-ing  welded,  as  irou  and  platinum,  aoftvu 
W'lre  th«-y  fuse. 

Qliunwid  certain  motals  never  attain  peri'c-<'t  fluidity. 

■Wf).  Uelting  and  freezing  alwajns  gradual,  owiitff  la  (he 
«i>i\irplioH  or  f^voiutioii  I//  he  (if  fliiring  iheM'  pro'crsfes. 

Asiolids  canooi  pass  Jiilu  tUu  li>ijuid  iitate  witbout  absorbing  and 
"iiiUrinjt  latent  a  ;jreat  amount  of  heat  (303),  the  vt-ry  act  of  melting 
"■•privi's  the  immodiiitfly  anrrounding  air  of  so  much  of  its  heat  an  to 
IWially  arn-wt.  the  melting  process.  And  as  the  5ct  of  ftwjsiujf  libBr- 
■l*»  laleni  beat,  tlie  frecr.'n\f(  body  becomes  surrounded  with  a  layer  of 
■*nn  air,  uud  thus  the  process  of  fri'ezing  is  jwrtittlly  arn.'»t«d  by  the 
f^'frvezing  itself.  Hence  the  seeming  imradtLxeg,  that  tneiting  i"  a 
'*''<''y  pnwM»,  and  frfeziinj,  a  wanning  process.  Yet  it  is  true,  that 
*"  ppoceeeea  of  freezing  an*  processes  of  warming,  and  all  procesBeu  of 
™*'lliiig  an-  processes  of  cooling. 

"*n)  Ibis  not  the  caw-,  melting  and  freezing  would  t>e  inatantaneous. 
"w  80.  dangerous.  WiitiT,  at  33°,  would  immediately  become  ice : 
■■o  ice  and  snow  would,  by  a  elight  increaw-  of  temiw;rature,  instun- 
^**oo«ly  return  to  water,  causing  destructive  fresheta,  etc. 

'^07.  Why  ice  does  not  acquire  great  thickness.— It  ie 

^ing;  to  thia  law  of  absor|)tion  and  liheratiou  of  heat,  by  moiling  and 
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Qneosing  of  water,  together  with  the  law  of  iUi  imffular  exjmuuu 
('i'ii\)  and  tb)  high  speuilic  heikt  {'i34)f  tliai  ice  never  aucjuirea  any  xvtr 
groat  thickness. 

.30^.  I<atent  heat  of  water  graduates  the  chemges  of 
temperatore. — It  is  also  owiii^'  to  the  law  of  absorption  and  tiMa< 
tion  of  hval,  by  lUL-lting  anil  freeziuif  of  water,  t«g«ther  with  thr  la* 
of  its  irregular  expaiisiou  {'i'i-Z)  and  its  high  specific  heat  (334).  (hat 
we  have  such  a  gradual  and  h4.'althful  approach  of  hot  and  cold  A'A^uei 
In  autumn  the  water  has  142°  of  heat;  to  give  out  before  it  A>li<liScf; 
in  the  t^pring  it  must  ivceive  the  same  amount  before  it  will  mull: 
serving  as  a  check  upon  the  sudden  changes  of  temperature. 

300.  Freezing  mixtures.  —  These  are  made  in  aoconlanor 
with  the  »lii>ve  law  of  ubtiorption  of  heat.  Salt  and  [louuded  i«.fcir 
instance,  mixed  togi-ther,  and  acting  upon  each  other  to  nintnuH* 
hasten  their  liquefaction,  will  so  rapidly  absorb  heat  from  snrroiuidiii^ 
Ixtdira  (<^rcjim  for  example)  as  to  freeze  them. 

In  a  mixture  of  salt  and  snow,  the  thermometer  may  be  redaoed  u 
O.F. 

S70.  OryBtalHzation.— When  bodies  pass  slowly  from  the  lis"*^ 
to  the  «>lid  state,  their  particles,  instead  of  arranging  themselves  in  ■ 
confused  manner,  tend  to  group  themgelreg  into  regular  forms.  c*ll*^ 
cr}-«tals,  by  a  proceiss  temied  crystallization  (^}. 

Sugar-candy,  alum,  common  salt,  and  snow-fiakes,  ore  exampks  ol 
crrstallued  bodie«. 


T  A  FOR  IS  ATI  on. 

^1 2.  Definitions.— Vaporization.— A  liquid  saffioently  he» 
is  couvertvd  into  ibe  guecou*  furni.  and  is  called  a  vapor.    Thi«  eh** 
of  stattT  is  eaJKnl  rapiiritatioH, 

ConviTft'ly,  if  heal  bo  ab«tnct«d  firwm  a  Tapor  ii  will  return  *o  '     , 
liquid  fiwni.    This  ehang»  of  a  rapor  to  a  liquid  is  called  amHcitsatt*'^ 

Thus  water,  at  aia*  F.,  is  niiidly  ooorerted  into  eteam,  an  invisi**' 
Tapi>r. 

Vttponf  are  gvoerallT  colorless,  and  endowed   with   an  ttpanM*' 
/orof  or  lm«i*m  :  wbidi.  vh«a  beaced.  mar  become  Terr  great 

Bmlim^  or  ekmOHi»m  is  tba  ii^iid  tenaiioa  of  Tiqior  ihronghont  t^ 
whmie  masBi,  pcodiMiag  agtMm. 

S<rmpmrmti*m  ocean  gwtly  and   ioTiaibly.  only  at   the  sarftce    *^ 
Uqaid^  m  on  ih«  sotfiM*  «f  w»ict  in  aa  ofM>a  di^ 

f^lh'ish'sn  ia  tlw  efaaagv  of  miuh  to  vapon  vitbont  the  iniersn'^ 
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Uqrtid  condition;  such  u  camphor,  iodine,  mask,  and  iMlnruuB 
lies  gviif i-dllv. 

SIS.  Volatile  liquids  and  fixed  liquids.—  Vvtatile  liquids 
[iKtboae  which  hnvo  a  nutnnil  u-iult>i)cy  to  pu^s  inUi  a  state  of  vapor  «t 
nnlinHn-  u^niiMfraturo;;  such  a«  alcohol,  ether,  t^asences,  essential  oiU, 
[mr|)eniinf.  and  the  like. 

Fiud  liquids  are  ihoHe  which  do  not  pass  into  a  vapor  at  any  tcm- 
[pciiture;  as,  for  example,  fi«b-oitfi,  oh'vc-oilg,  and  the  like;  which,  at 
heat,  arc  decompuBed  into  rsriouei  gast^s,  but  to  do  true  vapors 
[ihklcau  be  again  condeutwd  into  tb«  urigiuul  liquid. 

313.  Latent  heat  of  evaporation. — A  hirge  amount  of  heat 
IdiatppiATs,  or  is  rendered  lutent,  during  evaporation;  and  ik  again 
libemtfd,  or  set  Hve,  by  ciiiidrnsatton.    See  latent  beat  of  fusion  (303). 

3lj}.  Iiatent  heat  of  steam. — The  amount  of  heat  absorlx'-d  or 
n'fidcivd  latent  in  eouverting  iee  to  water  is  142°  F.  (303);  and   in 
j  converting  water  to  steam   there  is    absorbed    or    rendered    latent 

J /J.  Latent  and  sensible  heat  of  steam  at  different 
^mperatures. — Tin-  whulc  am-jmit.  uf  heat  in  steam  is  the  /»//»-«/ 
*'■"/'  jiltis  ihe  xenxihlt  heat.    Thns  the  heat  p,„  34 

"^  su-sm  at  the  temperature  of  ehulUtioii 
"  9(Jr.5  +  212"  =  n7fl".5  F.  The  heat 
uhg^ed  in  evaporation  is  less  &&  the  U^m- 
P^ratwrv  of  the  vaporizing  liijuid  is  liigher. 

KxperimentB  ahow  that  Me  fum  a/  (he 
''tte$tt  and  iwHAible  hfat  of  stfiitn  increases 
*ilh  the  temperature,  by  a  a)u»tn»l  differ- 
eiici'  of  ^^j  of  a  dep"ee  for  each  degree  F. 


cv-r* 


Ebullition  or  Boiling. 

Si$.  Figure    24.  —  Ebullition.  — 

Eballitidn  or  boiling  ia  a  rapid  evaporation 
'"  which  the  vapor  crtrapotJ  in  the  form  of 
I'ubblea.  The  bubbles  uiv  formed  in  the 
'nierior  of  the  liijuid  (represented  by  the 
"l^ckg  between  the  bottom  of  the  Iripiid 
""^  its  snrface),  and,  riaiiifc'  to  the  surface. 
'"•^y  eiilliipflp,  permitting  thp  vapor  to  pa«s 
'"'"  tile  lur.    The  clondy  vapor  seen  above 
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thv  resBel,  (»>nin)onI>-  calttMl  nlaim,  is  not  suum,  but  mini 
ofwatt^r;  nUam  itself  being  invinible. 


riu.  35. 


317.  I^aws  that  govern  the  phenomena  of  emu 

1.    l^Hihr  ilir  xuiiif  j/rpsKuri',  errr/i  li'^un/  b<nU  at  a  fixed  /etn^ 

The  temperature  at  wliich  a  liquid  boiU  is  called  its  bo^ 
The  boiling  point  is  very  different  for  different  liquids;  thl 
water  \s  212"  K.,  wlivn  tlie  ppesBiin*  on  its  aiirface  is  pqual  to 
of  mercury  ;  in  other  words,  when  the  barometer  stjiuds  at  i 
The  boiling  jKiiuL  of  vthvr  id  96°:  alcohol,  lt4":  and  m^rcnr, 

"i.  Th« prtSHurii  remaining  Ihe  mni«,  a  Uqvid  atintot  bt  htai 
than  the  boUin^f  point. 

Thi>  additional  htrat  does  not  raise  the  temperature,  oithei 
or  flteum,  abore  ^Vi",  for  tlte  reason  Uiat  it  beoomee  lata 
aleam  (314). 

CsuM*  Modifying  tht  Boiling  Point. 

SI8.  Figure  26.— Variation  of  pressure  on  the 
of  the  liquid  varies  the  boiling  point.  — Thi«  ti 
ubullitHin  coiisi^t?  of  tbt-  formation  a 
of  the  same  elasticity  or  the  snperii 
atmosphere  or  pressure.  To  pmve  th 
the  race.  611  a  gla&s  flask  half  tnU  of  w 
having  caused  the  vater  to  boil,  ni 
flask  fh^m  the  fire  or  lamp.  and.  in  t 
or  twiv  wrk  it  tight,  and  the^n  plunge 
■■'f  cold  water,  aa  represented  ii 

.  ....vQ  the  Tai«r  win  again  hcgii 

■\  will  contiuBe  In  do  so  nntil  the 
lurv  i*  rvUntvd  quite  low. 

The  ivswn  wbr  water  boiU  br  tlu 
tioa  of  cold  is,  that  the  st«am  which 
-  :^i.Y  IB  ibe  flask  thore  tl»e  wat«r 

.i  wM«r>  (ondewed;  iht-ivhj  pre 
partial  vm-unm.  which  diayniabes  llM 
«a  I W  aarihc*  of  Urn  vaiar ;  ihns  pro 
Hfmidt  ma^  kmpwmnn  tml  mifk  k 

lacia^  water.  Watvd  to  Icn  than  31 
'•hvA'  it  wtU  W(w  to  boil  whea 

ofiWhoOiagi 


Bwv  of  tW  air  i*  pan 

If  tlw  fCWBMIV  W  iwcWUMwi  1^ 


(SM). 


iiBAi: 


xm 


•i  10.  ITsefdl  applications  of  boiling  water  under  dimin- 
Uied  pressure  iin^  inailc  in  DoiioGnlraiiugTcgutablo  uxinii-iB,  cHiie- 
Ijwiw;  (fiugmr),  etc..  uuil  uoufiec|Uently  at  a  temperatare  below  tliut  wliifih 
*uiiLd  injure  tliu  aubtsULuci*!)  treated. 

Boiling^  point  affected  by  altitude. — On  luccnding  motin- 

l^iiii.  ilii-    lnjiliiig    poiiii    Ml'    liquids   /<ifL<.    bwniise  the    ulnoaiihcric 
pftMare  is  less;  a'Vitl.  convt^r^ely,  uii  lU'ifueiiiliiig  into  mines,  eto.,  it 
riw  (13+).     KxjHTirm-nlfl  prove  that  a  differt'iuT  of  iibont  543  feet  in 
(kffurion  iinnlucea  a.  variiitioii  yf  1"  b\  lu  the  boiling  i«»iiit  of  water. 
It  is  impossible  to  uuuk  meat,  by  boiling,  on  high  mountains. 

Figure  26.— Franklin's  pulse  glass  w  »  further  illustralion 
'4  x\v!  Uw,  iliut  liquids  under  li-.-;s  jircssurt-  boil  witli  less  heat  This 
WD^igU  of  a  glass  tube  temiinatiiig  with  hitlbBras  shown,  and  piirtly 

Fio.  20. 
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•Ulo^l  with  ether,  or  water,  and  sealed  while  the  liqnid  is  hoilinjj.  Wlien 
t'U'  li([uid  is  cool«i,  till-  epaoe  abov*^  the  fluid  will  Ik-  a  vuciiiim  ;  then, 
•'  only  the  heat  of  the  liand  be  applied  to  one  bnlb,  the  liquid  will  be 
(■  to  ttoiling  in  the  other,  aa  indicated  in  thi-  ilmwing. 


•:>20,  Solids  in  solution  in  liquids  raise  their  boiling 
POinta  m  invporiioii  Ui  ihi--  ijimtility  di.sj*i)Ui-d.  Fur  i\unipU;.  wati'r 
"nich  holds  in  solution  as  much  common  salt  as  it  is  capable  of  djs- 

j      •"l^injr.  requires  2^7*^  F.  to  raiw  it  to  the  boiling  jiniiit. 

I  'r.  liowevor.  the  body  disaoWed  is  more  rohitile  than  wator.  then  the 

I      "Oiling  point  is  lowered. 

pV  ^3  /.  The  nature  of  the  vessel  varies  the  boiling  point.— 
"!u*ti  the  interior  of  the  vessel  is  rough,  the  projeeling  points  form 
'•trcfi  for  developing  vapor,  and  the  boiling  pnjnt  is  lower  than  when 
'^  siirTitee  is  smooth.    Water  boils  at  a  lower  temperature  in  iron  than 
Teasels. 
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Brmporation. 

SSS.  Braporation  takea  i>hu:v  isli^wty  iu  the  open  air,  ovin^ 
chiefly  to  tttmopjiliL-ric  im-ssim'.  If  the  preasore  be  parlially  rcmothi. 
evupniiLtioii  will  Uk>-  ])l»04;  motv.  rapidly;  if  wholly  rcmored,  it  vill 
uccur  inetnntaneoiisly,  like  the  flash  of  ganpowder;  especially  iflhf 
Iii{ui<l  is  very  rolutile. 

323.  Fifora  27.— Evaporation  in  a  vaouum  uikt.-e  ^\m  k 
obediutibc  to  the  foUuwioj^  laws: 

Ist.  All  voUttilf  liquids  volatiliie  inttantly. 

2d.  At  the  mme  temperature  (he  vapors  of  different  liquids  poutM 
unequal  elmttic  force  or  ipH^imt. 

The  figure  rfpresenta  four  bnrometer  tulws,  filled  with  intTcurT.  biiJ 
invert^'d  in  »  i^islern  uf  mercury,  with  a  gniduutetl  acniu  in  the  iTiitm 
Pi,-.  ■>;.  The  mcrtiiry  will  stand  st  the  same  Iriglit 

iu  all  the  lubes,  say  at  the  height  of  tiint  in 
the  one  on  the  lefl,  as  showu  by  the  amtw. 
rf  now  A  drop  of  other  pusses  np  the  righl- 
Imnd  tulw?  to  the  top  of  the  mercury,  it  in- 
t^tantly  fiashefi  into  vapor  and  depreeeratb' 
int-rcury  hiJf  its  height  or  more,  a*"  i3i(i»B 
by  the  arrow;  Mliich  ilhistmtes  the^>f/JllK'• 
A  tlropof  alcohol  introdnct'd  infollif  iieKt 
tube  will  al»o  be  suddenly  couverted  to  va- 
por, and  depress  llu'  mercury;  and  ao  nitli 
a  drop  of  water  tn  the  next  tube.  ThedU- 
fiTent  hi-ights  of  the  columns  vrill  shov  thai 
the  three  eererat  fluids  possess  difllrcnt  dc- 
gnt'S  of  volatility  and  elasticity;  thus  prov- 
ing the  ftcond  law, 

rr  morv  ether  b«  introduced  nntil  it  i^ 
mains  on  the  mercury  and  ceases  to  furlli<^ 
evaporate,  it  is  said  to  hare  reached  ittfjioiii^ 
o(  natumtioH,  OT  maximum  tenttioa,  or  liff**^ 
of  leHfioH.  Id  this  case,  the  tension  of  t^ 
va]»or  balances  the  tendency  of  tlie  liquid  t* 
pass  into  a  state  of  vapor.  Yet  tlte  quiuitit.V 
of  walery  ijijkt  necessary  to  ^turate  a  jfiven  space  is  aIwav.*)  t^* 
■ame,  whether  that  space  is  a  Tacuuni,  or  whether  it  contains  lur  ***" 
any  other  gas. 

fleiti  trill  im^Ttaxt  ami  ooid  diminiiM  the  tenaioHy  as  illuBtrated  I'V 
the  next  figure:  hetioe. 
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i«  Ihmit  0/ tension  o/a  ffivtn  vapor  varies  with  tie  ttmpm-atura. 
^TXi>  amcmni  of  vapor  rtquirtd  to  saturate  a  ffiv0n  spacv  also  varuM 
th«  temp*ratHr«, 
fain  is  raatted  by  the  vHpora  (whicli  are  lew  dense  tbui  the  sir  in 
regions)  riiiitig  to  rvgions  when  tbuy  are  coiidcnseil  by  the  colder 

^Ae  lensioH  0/  differtm/  vapors  eartfs.    Etlicr,  for  example,  being  '2A 
m  m  gtvut  OS  water,  and  H  timus  that  o(  iilL'oho). 

t34-  Figure  38.— Evaporation  under  pressure.— Let  the 

of  ihc  «ili(irt  Hnn  ul'  rlie  lit^ut  tul>t>  l>e  closed,  and  leuru  the  other 

ojieu.  aud  tUI   tht>  tulie  two-tliirdfi  full  of 

Btify,  tthid).  nf  conrse,  will  completely  fill 

short  arm.     If,  now,  a  drop  nf  ether  1^  ]n> 
liRtHj  mill  the  lop  of  the  short  urni,  A,  the 

Miiv  of  the  air  on  the  nierciiry  in  the  long 

»ill  pt^vent  itjf  evaporation  at  any  ordinary 
i]ioratun:.     If,  howt-ver,  the  tube  in  pltiti^'cd 

a  rea*-1  of  iriiter  heatetl  Ui  11'^"  F.,  rhe  uther 

l<r  Oftuvi-rted  into  vai»ir  and  occupy  a  cer- 
portinn,  as  AT,  of  the  tnlie,  holding  in 
jilihriam  ihr  ptY^siin-  of  the  atmoispherr.  to- 
lliir  with  the  weight  of  the  mcrcnrial  culumn 
»«*  bright  is  TN. 

I  If  the  tnlip  be  witlidrawii  and  cooled,  the  va- 
U  will  rrtiirn  to  the  liifuid  form  ii^iiin. 


maan  the  tension  of  vapors.— Tlu-  illuA- 
and  proof  of  this  principle  have  just  been 
tii). 

rvaporation   of  liquids,   however,  takes 

-at  tcmperuturvii  much  below  their  boiling 

Krvn  at  ordinary  temperatures,  water, 

vinidg.nnd  some  solids,  vaporize.     Mercury,  whose  boiling  point 

■  «!il?h  UK  <««■*  F..  eTapomtes  at  all  temperatores  above  60°. 

^SS€.  Causes  that  accelerate  evaporation.- Tht*  principal 
-CBUr»  vhii:h  inBcit'nce  the  amount  and  mpidity  of  eTu{>orution  an-: 
I  /•fMJwr^-^lni'reaaed  pressure  diminishes  evaporation.     The  ra- 
lity  iif  i*TapomUoD  ii  inreraely  as  the  pressure  upon  the  gnrface  «f 
IttUL.      Wrp-  thf   prts-urc  of  the   air  entirely  n-muvwl,  many 
•I  4*<iini'-  It  |>-niiiiii<'ii(1v  iii-riiil  foriii. 
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a.  JHcrtttsed  surface  faciljtal«s  eTaporatioii. 

3.  iHenoMfl  trmjteraturf  incrcAStis  cvapc^ratJon. 

4.  Diminished  quaniUif  of  vapor  in  tht  nir,  or  ilry  air,  ■ 
evii{>c>raliun. 

fl.  Ittunvnl  or  circulation  of  Ou  air  over  the  jlutd  utfeleratesj 
tiuD  by  coii8tAiitIy  carrying  awity  the  saluruled  air,  aud  ailuw{ 
air  to  takf  \ii  pUct*. 

S'27.  Causes  of  condensation. — Conden«ation  of  vajj 
clionge  from  b  vuporons  to  a  liquid  state.    There  arc  thre« 
eundutiaauoii :  chemical  action,  jireMtire,  and  divtiniition  of 
ture. 

1.  C'homical  action. — The  affinity  {2)  of  6ume  subslan 
vapor  of  iratcr  is  so  siroug  tliul  ilivy  abeorb  it  from  the  air,  e 
thti  lattL'r  is  not  saturated:  auch  are  quick-lime,  potash,  i 
iwid.  and  otiiers. 

•i.  Pn:isure. — That  pressure  will  condense  vapor  is  showa 
pressing  a  volume  of  saturated  air. 

3.    That  a  diminuHon  of  temperature  causes  uondtMieiilioii  is  | 
the  escape  or«(i>iim.  or  lireatli.  iuto  cool  air,  which  cooduoMS  I 

into  minute  globules  of  water.  This  I 
is  shown,  uw,  by  Fig.  38  (324) ;  a1fl{ 
accumutaiion  of  vater  in  warm  vd 
the  outside  of  a  pitcher  filled  with  iq 
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338.  Dew-point.  —  If  air,  ^ 
with  moisture,  is  cooled,  a  portia| 
moisture  will  be  precipitated  as  dal 
derc-pQitd  is  the  tenii)erature  fit  wM 
deposition  lakes  place.  The  m€ 
till-  air  lA  saturated  with  moininre,  tj| 
ihe  dew-point  is  to  the  tempt^-ratiti 
atmosphoTek  I 

3*iK  Figure  29.— Pressure  a 
by  steam  or  heated  vapor.— Tl 

i'il',i*Ir»U'*  the  pm-^^HA-  of  heated  | 
^^nbuinn  the  Tajior  over  the  ^rfoq 
■■va{k<imiin!!  liquid. 

Kill   ihv   flask   about    two-thirds] 
water,  and  pass  a  tube.  L.  through 
jter.  so  it  will  eitend  nearly  tu  tM 
of  the  ^vcahU.     Lei   tlit-  xtfxiu  tir 


anted  fiutor  tbui  it  am  eacaipo  at  the  nottlc  of  the  pipr ;  tht^u,  as 
'^the  gonerotion  of  rtcam  gona  on,  tho  increased  preeaun'  will  I*  shown 
bv  Ihd  incrpAsed  rorce  with  which  thr  wat^jr  will  msh  out  of  the  nonzle, 
by  the  elastic  force  of  tlie  steam  exerted  on  the  sarfuLv  of  the  liquid ; 
indicaUHl  by  the  arrowit.  li  is  this  elustiu  furce  of  Bteuin  thtit  corisLt- 
tntoi  the  power  of  /iigh')freuure  Bteam-eaginea. 

rl.iO.  TigoTo  30. —Candle-bombs,  illustrating  the  explo- 

^on  of  steam-boilers. — 'Vhae  nro   globules  of  glass,  about  the 

iiiv  it(  »  {it^L,  wir.h  11  iii-ck  aa  inch,  or  so,  long,  p„.  .to 

ia  (rbieh  a  drop  of  water  is  confined  by  hcr- 

iiii'iic-»IIy  waling  the  nenk.    When  oueof  lhe»e 

14  fituok  into  thv  wick  of  a  lamp,  us  shuwu,  the 

iM<at  niiorizing  the  WHter.  and  there  being  no 

\>sl^^tag^'  fur  the  i-sc«po  of  the  Bteam.  the  bulb  is 
I'lii-^l  to  |iiece«  with  a  l<jud  explygiou.  The 
ux'chanical  force  ia  wondered,  when  it  is  oon- 
'ali-n-d  how  little  water  is  employed.  ThiJi  is 
•  Jiiiiiiature  »if  what  taken  place  in  the  hursr- 
"ijer  of  btgh-prc&enrc  steum-boiltirs. 

<9o>7.  Spheroidal  state  of  liquids.— 
a'*  tt  lew  drops  of  water  he  ponrL>d  upon  a  n>d-hot  metal  plate,  oa  a  com- 
'i*"^*!!  lin'-shiivel,  they  gather  into  a  globule  which  rtdts  ahotit  without 
^^Hiiig,  or  coming  iiit4i  nintaet  witli  tho' plate.  In  this  condition  the 
**^sif  (T  ia  said  to  be  in  the  np/irroidai  slate. 

'die  teni)>entttir«  nf  the  platt;  is  higher  and  that  of  the  spheroid 

***v>fr  than  the  boiling  point  of  the  li«|uid.     The  toinperiitiire  of  the 

^**-l>i)r  from  the  Bpheroid  ia  nearly  the  wune  na  that  of  the  phitf.    When 

Kliti    tt.|i)|)cratnretif  Ihuplale  falls  tuueertaiit  |Kiint,  the  lifjuid  will  I'ome 

'X<*  contact  with  it.  aud  hurst  iiiltr  ebulliliou.  and  tpiiukly  vvapoi-ale'-. 

Oaoses  of  the  spheroidal  state  of  liquids.— I.  The  rrpul- 

•«»-^   fQm  of  heat  e\ertod  hL-iweeu   the  ptat4;  and  litpiid.    2.  Thf.  hat 

/>««c/«r  eottrerta  a  portion  of  thf  It'juiJ  into  vajinr.  ii|M>n  which  the  sphe- 

**<«!   iv»t«.     :j.    The  rnfior,  ftvitiy  u  poor  amdudor,  prvvvnts  tllc  cun'luo- 

*'*on  of  huat  (Vom  rhi-  iilatc  lu  the  spheroid.    4.  SmtpvrtttiunrwriM off 

•'■«  Am/  as  it  18  ahaorbed  by  the  liquid,  which  asaiafa  in  preventing  it 

'**oni  unieriiig  into  ehulliiion. 

tt  iji  in  aceonlanetT  with  the^c  principle,  that  the  hand  may  \k 
*^l\\^  williont  faami  in  molten  metaU.  The  moisture  of  the  bond. 
*«*uiuing  the  ephcroidul  ((lute,  pn;vcnta  immediate  wntact  betwei-u  the 
««m1  and  inctaL 
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332.  Figure  31.— Oondeiuation  of  steam.— A«  n  vafiar  will 

Iwar  DO  increase  of  prefmre,  m  neither  will  it  suffer  »ny  mltutitm  of 

Innju'riiturt,  withont  ioBtantiinoouBljr  eon- 
deiisillg. 

Pour  some  water  in  the  Tcesel.  S,  pn>- 
viiled  with  an  upcn  tiilK\  F,  and  Hioppcr.  u 
shuu'n;  fi<^t  the  waiter  to  boiling  by  iiieoiu 
of  a  Bpirit-Iamp ;  and  wlien  the  air  tm«  bi-vn 
expollwl   by  tJie  gt^^am.  remove   the   flaflk 
from  the  lump,  and  insort  the  lower  end 
of  the  tube  into  cold  water,  ib  tlie  Tcflsrl.  W. 
The  Tupor  or  sU-am  in  iV>  \.u\w.  will  Im*  c<iri- 
dviiac'l  by  thu  Cold  water,  causing  n  viiL-iitim. 
and  the  alniospberic  preseurt'  wilt  foroe  the 
wali-r  from  W  into  the  pipe,  to  lill  iU    In 
this  way  thi>  entire  tlask  and  pipe  will  U' 
tilUd.      Thi«  opersHon  will  take  platv  ni 
rapidly  and  with  such  tonv  lui  to  dnah  iln 
vefisel  to  pieces  or  throw  it  from  the  gms-^ 
of  the  experimufiler.      The  violence  icW 
whicli  the  water   nishes  iulu  iJie  Ravlc. 
due  to  the  Btidd<?niiesa  with  which  the 
densation  of  the  aieam  lakes  plaoe  Ibnm. 
ont  the  entire  vessel. 

The  low-pressure  sleam-cnginti  dupe- 
upon  this  principle  of  rapid  condeneihi 
of  vufiur  or  8t4.'aui  for  its  liupcrinritT  over 
high-proMore  engine. 


SS3.  FigTiTB  3S.— Illustration 
the  principle  of  the  low-preBst 
engine. — Thiti  apparatut^  eua^ii^u  of  a  gl<t^ 
cylinder,  blown  into  a  bulb  ut  its  lower  ei 
tremity.  into  which  in  placed  some  water. 
Into  the  cylimler  is  fitted  a  piston,  with  it«  rwl  or  handle  prcjjeettng 
through  the  cap  or  cover  of  Uie  cylinder.  In  the  cover  are  two  opi-n. 
mp>  to  admit  the  egresta  and  ingrcBa  of  the  air. 

OpKitATioN.— If  heat  be  applied  to  ^he  bulb,  and  stMua  genenti-d. 
the  piston  will  \w  driven  upward  by  the  ateam  with  a  force  equ»l  to  it« 
elu«lieity.  aa  indicated  by  ihe  arrows  al  W.  If  now  lb*-  cylinder  lie 
suddenly  citoled,  by  dipping  it  in  cold  water  or  dashing  cold  wxter 
upon  it,  the  eteam  will  be  condeDsed.  and  the  downward  preaian-  uf 
the  air  will  drive  the  pill^Jn  down  to  fill  the  vacutnu,  with  a  foroe  i^ual 
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IIm.  to  the  sqnaro  inch,  indioUcd  by  the  arroini  paMing  tbrough 
DTer.    This  operaiion  can  Ix^  rc]Niiti>d  nt  pleasure, 
w  i])[iu«tu8.  simple  OS  it  18,  nObi-dg  ■  praclicul  illastnitfoa  nX  the 
tuiion  aDi]  cuiideiituiUoii  of  eU'Uin,  ami  thv  utnio.spheric  pn-juure. 
h  cuDKittutu  thi'  mijtive  power  of  th«  low-pri'^uiv  ateum-engiiie. 


Fi.».  n. 
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5^.  Figiiro  33.  —  High-pressure  steam. —  Under  an  in- 
of  ptvasurr  tlir  boiling  poinl  Tits^%,  und  the  elaetic  force  of  the 
fiiilvM  becomes  corrt-'dpoiidingly  fra-ater. 

dfmonittrate  thi*,  a  sphericnl   iioil^r  is  proflded,  having  an  tn- 

Nl  mrrearial  tobe,  A,  with   ita  month   no«r  the  bottom  of  the 

;  a  thurmoraett^r,  Tj,  with  its  hnib  near  the  centre;  and  n  stop- 

,T.    Sufficifnt  merenry  is  ponrcd  into  the  boiler  to  supply  the 

A  {ihuwn  by  (he  fine  linee);  and  sufficient  water.  W.  to  corer 

'i — ■f-ter  bulk 

^.— With  a  fipirit-Ump.  aet  the  water  to  boiling  with  the 

tvpen;  Hnd  the  thermomvt«r  will  iitand  at  IVZ*,  which  is  the 

lint  under  thi'  prensure  of  the  air,  or  one  ahnoxph^rf  (IS  lbs. 

re  inch).     If  now  the  faucet  be  cinsi'd.  the  steam,  oiertiug 

tarct  on  the  ttnrface  of  the  Ui)i]in<.'  liquid,  preasea  tlie  ntiTrtiry 

A      Tt..'  heiffht  of  Ihi-  tmreunr  indiaitea  the  amount  of 
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thifl  preuure;  and  tbe  Ihcrmutncter^  tho  ooirccpoDdiog  cliun^  id  tlir 
tvm{K-niturc  of  th«  boiliiijg  poiul.  When  tbc  preuatv  c*(tuiU  />« 
atiMonfffiiT-M,  tilt*  ibenuQinetor  will  show  tbal  tbu  boiling  puint  hat 
ri*!!  tM  •i4l»''-6  F. 

1IOII.IXO    POIXT    or    WATKll    AT    DIVrKBRKT    AT  If  U  Kffl  HKlj 

rttJtSltlBB*. 
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rKOST-UEAHBX.  — KAIK,    ftHOW,   «TC. 

-jJJ.  FigTire   34.— Freezing  by 
oration— -the  cryopliorus.  or  frost-l 
— Ill  litis  simple  iiiHlruuiL'tit  walt-r  iiihv  t»e  l>u»ii 
by  cold  produced  by  ih  otcti  rvaparutiun.      It  roa- 
8L&U  of  a  bcuc  tubi-,  balf  nii  iuch  or  Dion;  ia 
etcr.  with  u  bulb,  A  and  F,  »t  vuvh  end*  u  n 
A'Qtud.     Thv  bulb.  F,  ia  tillvd  uboUt  H   ihlttl 
of  n-aUT,  »ud  tbe  re«t  of  tbe  kjnux-  id  f-be  il 
mcut  is  full  of  *ir,  and  only  lilb^  with  vapor 
thr  watt-r. 

It  now  the  bnlb,  A,  be  immenud  iu  &  frtftxin^ 
mixiiin'  (300)  of  nitrio  anid  and  enow,  the  water 
ill  ilie  tiifltftnt  bolb,  F,  will  booh  bi-  fVusco. 
>-x]ilittiuii(>ii  lA  t^im]ile.  Tbv  Ta[it'r  in  A  is 
condcn«<Hi,  and  tbe  rapid  cvapomtioti  vf  tbcj 
in  I'',  to  sitpiily  tlu'  pliicv  nf  tbe  vap»r  com 
bolow,  ulmorbH  or  n-nd<Te  Ul«>nt  {•W^'i  iS"  nm.'b 
iU  own  bi'ul  h«  to  rcdiiou  ii  to  tbc-  i 

The  movemi*nt  of  tbo  rapor  lit  in.. 

drruwK. 


33G.  Rain  a  tlie  vapor  of  th«  dotida,  or] 
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be  uir,  ooudettwi]  and  precipitat«l  to  the  earth  tn  drape.  Kiiiii  tti 
irencnilly  ncouttoned  b;  the  union  of  two  or  more  volunits  of  htimid 
air.  difTi'rin^  consJilerubly  in  temiwraturv;  the  sevenU  jwrlJons,  whiMi 
miu>;lrU.  Luitig  itiraipable  of  ubsurbirig  Llic  saiiii'  uiiiouni  nf  moidtun* 
i!  fwAx  would  reUiu  if  tUe.v  had  not  united-  Uence  the  productiun 
\X  mill  is  Ibf  rvBuh  uf  the  law,  that  th«  atpacity  of  air  for  moiBHire 
drc*iviwc4  In  %yrt»ter  ratio  than  the  temperature. 

If  thf  cva-M  ikf  moidturt-  or  vapnr  ta  f^'vat,  it  falls  as  drops  or  raiu ; 
if  it  is  of  slight  unoant,  it  appeals  oa  cload& 

SS7.  Snofrl^tht) /n>xfH maHtuKthbtdt-wvndafVoin  the atmojplifre. 
»»-•  Iaix*"«i  llakfrt  <iQ*mT  whtiii  the  ittnioaphiTi'  u  luiklctl  with  moiftt- 
und  thv  teiii|KTuture  is  uboat  3:2°  P.;  us  the  uold  iiicrtii><t.*R.  the 
tkiM  become  ttmuller. 

S3S.  Hail  is  th<!  moisture  of  (he  air  frozen  into  globules  of  toe. 
[ail^tout-^  urv  genvnillv  |K.>ar-shuped  ;  and  formed  of  ulteruatv  htvfn 
of  ico  lUid  «m>w,  around  »  white,  suowy  uticleus, 

S39.  Figttre   d&.—Kaln   gauge.— Thiv  in  an  instnimcui  d«^ 
to  measure  the  qunntity  of  rain  which  falta  at  any  giv(<n  time 
plaw>.     It  may  be  made  of  copper  or  zinc,  Fio.  M. 

and  iu  thv  form  reprpsenUHL 

For  oonTTuitaicv,  a  comuiunicutJiig  glass  tube» 

L,  is  arran2:ed  outaide  of  tht?  reoeiviug  vi^ssel. 

nnd  pf^vi(Ud  With  agradualfd  scaK-,  as  Bbowu. 

■  t  is  prttvidi-'d  for  dniwinpoirilie  water. 

i^iiiDel  at  the  top  i»  twice  t}it-  »\zv  of  the 

ilcr,  N,  then  an  inch  on  the  scale  would  in- 

tliu»i«  imi/  an  inch  in  the  gauge. 


^940.  Bistrlbution  of  rain.— Aa  a  gen- 
pml  mir.  it   lony  bi-  etatod  that  the  higlier  the 
^Tcrafcc  tomjMTaiure  uf  a  (x>u»try,  the  grraiter 
^11  be  the  amount  of  rain  that  tiilla.     I^ooU 
■  r,  produii!  runwrknble  depdrliurws 

In  Sirrjit  it  aearut^ly  vv«r  mioB.     Alouir  the 

*  *"  '11  long  iIwIjiucc.  it  Hpn-r  ruin«. 

-on  aome  purtinnifof  the  t-^uut 

Afriea,  wbiW  in   Guiana  it  rains  duriug  a 

"'    '■'  ,usal«>at  thi:  StmiUof  Mu- 

odBoft'biloiff.S.  Iat4.r). 
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^^1,  Days  of  rain. — The  rainy  tla^s  are  more  numeratu: 
tb»n  in  luw  latituUeii,  us  is  ihm;ii  in  tliu  rullowing  tabic,  Eltboaj 
annual  amount  of  rain  wliicb  Ulle  is  smalter. 

From  12°  to  W= 78. 

"      43*  "  46" 103. 

"      46"  "  60° 134. 

"     50°  «  60" 161. 

S^S.  Annual  depth  of  rain.— The  greatwt  nnniial  di-p 
rain  utK^iirs  at  Sun  l.ui.s  Miii-uiiliani,  '^^0  iiiclica  ;  l\w  iii'Xt  iu  onl 
Vera  Cruz,  27S;  Grenailtt,  I'^i'i ;  C'lijie  Kmiiv'ois.  120;  Calcattj 
Homv,  39;  Londou,S5;  Uttvuburg,  li^;  Uanover,  N.  H.,  ^6  \ 
York  State,  36  ;  Ohio,  42  ;  Missouri,  38. 
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^^43.  Figxire  36.— Hygrometer,  or  moiature  meas 

— 'Xhv  UK-  of  t\ui  iuslruoieui  is  lo  show  tlie  stat-:'  ui"  umisliire  in  I 

mosphere.  It  cnnRisbt  or  iv< 
bulbs,  nonot'cted  by  a  glae> 
twicw  iK'iit,  08  shown.  Tbo 
A,  contains  a  snull  qoout 
ether,  by  the  TjoiliiiK  of  whi 
air  tia^  been  expflWd  from  I 
stniment  It  contains  ■ 
thermometer  with  its  bullr 
fther.  Tbc  bulb.  T,  in  c 
with  mntilin.  Uiraii  Ihu  HU 
ing  column  is  attached 
thermometer. 

nPF.KATIOX.  ^IjOt 
drojiiof  fiber  upon  the 
and  itsevflpomlion  will  lydi 
trmpiTiitnre  of  the  bnlb, 
eutising  the  ether  within  ti 
orute  to  supply  vapor  to  ta 
jiliR'i'  (if  tliu  condensed  rape 
(iii'e  Fig.  U).  When  tlic  t 
atiire  of  the  bulb.  A,  is  thi 
ficieritlv  reducod,  the  maU\ 
the  air  will  begin  to  aixjii 
np«m  the  outside.  This  is  called  the  fiew-fmxHi.  the  U-miK-rat 
whiuii  18  sbovrn  by  thi-  thrnnonieter  within.  The  tom]>erBtuni 
di-w-]>oitbl  vaiiL-s  with  the  amount  of  moiatiire  isi  the  air  (32iil 
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Janiuiuit  ur  tuuisture,  Uiu  noarur  thv  dew^int  u  to  the 
fe  of  the  ttir ;  hence  the  difference  between  the  two  ther- 
iriH  indicate  the  rvhttive  huraiiiitj  of  the  atmosphere.  The 
IT  the  greater  is  this  difference. 

''igtire  37. — Coznbustioii  and  structure  of  flame.— 
iin  iUtistmtes  sume  uf  the  priiiciiilea  iavolvvd  in  tlic  hiirniiif; 
illumtnuling  (hyilro-rarliun)  gins, 
■e  Tour  simple  elemeuta  ur  kiiidd  of  matter,  which,  combined 

proportions,  muke  up  the 
;  of  sll  orgauic  bodies,  lx)(h 
1  vegetjible.  Thcjic  are  oxi/</ere, 
vtrbotti  und  nitrogen,  and  may 
\e  four  organic  eletaetUs. 
.'  four  olenu-nta,  rarhou  and 
jre  those  whicli  impart  to  or- 
pouuds  the  pni|MTty  of  aim- 
;  tlK  oxjgeu  and  nitrogen  in 
regiitatini^  the  inteuitit)'  will) 
r  burn.  The  coni]x>UDd8  em- 
oarcefl  of  heat  and  light,  con- 
aiBcd  hydrogen  and  carbon, 
1  hydrogen  Imrneil  acpJiratiOy, 
ich  to  a  large  amount  of  heat: 
BxUt  in  dilfcivnt  formE.  und 
liffercnt  ways.  Carbon  is  n 
%maiu8  so  during  coiiibiutiuu. 
i«  a  gaa,  and  bums  lui  a  ga«i ; 

ftte,  it  diffuses  into  the  air, 
nriiH  whili;  in  motion,  giving  rise  to  tiame.  und  lirating  ihe 
Tcarhou  to  a  white  heat,  which  is  the  princi])ul  source  of  the 

of  flame. 

t   illuminators.  tliL^refon-.  are  pnre  liydro-earbonB.  tKimpoeiil 

1  Dam.ber  of  uioms,  or  equivalents,  of  each. 

gram   repreii«nt«f  a  section  of  a  gas-jet  flame.     The  burning 

.bstances,  as  tallow,  liftnid  oil*,  eto.,  involve  the  same  prin- 

■  these  mnat  he,  and  m'c,  mnvtried  i»io  gag  before  they  are 

l^et  or  candle-Aume  is  not  a  solid  mass  of  ftri',  \n\\.  a  hollow 
;ht,  und  ii>  dark  within.  a«  shown  by  the  diagram:  II  )>eing 
paoe.    The  dark  chamber  within,  is  filled  with  the  combu»- 

puM  being  composed,  in  part,  uf  hydrogen,  they  are 
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lighter  than  the  nir^  and  tend  to  rifth  whioli.  with  the  birat  of  cnralist' 
tioii,  prtKlucu  au  upward  current,  cuutaDg  tfau  flame  to  aaErnd.  ami 
giving  it  a  conical  or  pointed  rurtii. 

The  air  living'  oumpoeed  uf  1  {wrt  of  oxygen  to  4  of  nitrogcu  {VH), 
afTunls  judl  cuuugh  ^rw  ux)'gi*ii  to  auppurt  aafe  ixinilmiitttiti  (tWV 
Thv  trw  oxy^M  *ii  the  air  chemicallj- comliining  witli  tin-  hvdruf»ii 
and  carbon,  constititti-a  the  cumlmstion ;  wtiieh  rcmilta  in  waicu>  aaJ 
carbouit!  acid  gas. 

Tlii>  lijdrogL'n  ut  uxidixod  ftrcl.  {irodnciug  iateow  bml,  vbich  crU 
free  tlm  miuute  particles  of  carbon,  aiid  lictitd  them  to  whit«ticB.|pri«f| 
riR*  tu  a  rivid  wliiti'  light.  Hiil  if  tlifparticlcsorcarlxm  arvmiffirJPOtJT' 
bt4it«ii,  Xhvy  l>t«i>nir  vxidizt^d  and  K'lte  tli^ir  luiniri<>eilv  ur  whiU'noM. 

Now.  by  ob*.-rving  an  actual  gas-jet,  it  will  be  nolicvd  tliac  itf  ll» 
lower  pari  of  \\w   tbitne,  whi-re   the  arrows  (in   \hc  diognun)  poial 
toward  tlu*  jet  (up  as  fur  a^  AA)^  Mit-  tliiint-  iit  dark,  nr  nfarly  aa     Tbii 
u  hvctkutu:  thv  abundant  supply  of  lur  (rtpreafoted  by  thf  samt'  amnnf 
aUbrd^  tfiilticiiii I  oxygen  to  cauae  ouuipk'tu  combustiun  at   this  pour 
uftlu'  Hanx.*;  and  the  out^r  jiortion  of  tlit;  Hauif  («h<>wn  by  ibt* doti)ii 
also  diuirh  intttL-ad  of  tpftife,  for  tile  reason  that,  coming  in  i-«niii>ci  viik 
the  air,  it  rrwivt-s  euflicient  oxygen  if>  n*ndfr  tho  eomliiu'tiof  "■'■" 
oomplete  than  it  is  a  litUo  dee]>er  in  the  Hame,  hut  mrt  to  (• 
aa  at  the  buit^mi;  heuw  ihe  8iirfiu%  i^  nut  nn  dark  luf  thi-  ' 
That  ]iart  of  tlif  flanu-  iM;twpen  the  dark  chamber,  U,  witbtn,  ui...  -. 
bhiiiih  ftorlion  without,  U  the  principal  illuminating  |ian,  uf  ihc  bkit 
Tn  this  [uiri  of  thf  Hauit-  tht*  aipotint  of  oxyi^.-n  v(  the  air  is  or 
flcient  to  burn  the  hydrogen,  the  heat  of  whieh  only  whitenii.  hni 
not  bum  the  carbon :  whlK-  ihe  dark  ehamht-r  witbin  ia  iioliiiti&  l<tt* 
llio  hydnvcarbon  ffid  itacif ;  no  oxygen  of  the  air  coming  iu  cuenrt 
with  it  til  Set  np  ctimhneiion. 

Tfau  arroTK  above  AA  show  the  upward  cnrreDta  of  the  air  4aA 
gMCfl  after  combustiun. 

STBAH-KKOIHBB. 

rt^/j.  Oiigrin  of  the  8t«am-enslne.— A  i>kiimMMi 

Oftntrivnntv  for  iHnin'riing   b'-at   tnio  nu*"h«nintt  i-nvrtrv  i' 
mfiHum  of  water. 

The  tirsl  radiuientA  of  knowledge  of  stt-am  IU  a  Til  :  -t 

niiMk-ni  times.     As  early  as  130  ymra  bvPun.-  ihe  <'hri  m 

d(-«cribi>s,  among  other  cnrioits  cnntrivanws,  the  fotipilr. 

'146.  Figure  38.— The  eolipUe,— A  form  of  tbia  ap|Mntitt»  4 

shi'Wn  by  Hie  llginv.     It  lonsiatAj  of  a  nietallie  globnUir  !>>' 
ridvd  with  Iwi)  hi)|Jow  anue,  holding  a  hidlow  crvMs-biir.  T. 
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oject  twu  otber  anna,  at  i\i»  euds  of 
whidt,  on  upjHMiito  eiclus,  ore  opeDings  for 
tu  escape.  In  the  boiler  is  water, 
lich  ia  couverled  to  steam  by  heat.  The 
pueea  into  the  cross-bar,  where  it 
Ei>m«i  iu  contact  with  the  aide-ai'nia  of  the 
uilcr,  and  escapes  at  the  openings,  h& 
Dint.  The  eacapltig  steam  recoils  on  the 
'itmoqihere,  and  revokes  the  cross-bar 
[  litii  great  rapidity.  The  mechanical  i)riii- 
iJiiptc  involrod  is  the  lutnie  us  thai  of  barker's 
fill  (103).  the  pressure  of  steam  Ukiiig 
j  till!  [ilttL-e  of  the  presidure  of  water. 


Fin  ;ffl. 


■7jr.  Improvements  in    ateam- 

eoguidB. — It  eanniit  Ir'  e^]K.>i'k>d  timl  in 
■  iiorlc  like  this  uu  explaiiaiion  iind  hi8U>ry 
ran  bt  given  of  the  many  improvemeuts 
»IUch,  from  time  to  time,  hare  been  made 
tbe  construction  of  the   steam -engine. 


^The  fMfotial  principles,  however,  involved  in  the  application  of  stnun 

I      IS «  motiir,  and  the  principal  pai-ta  of  hi^fh-pi-essiire  and  low-prtasure 

^giilf'i  will  be  iindertitood  by  rfferenee  t-o  what  has  alr^'jidy  been  said, 

^>Qd  t(i  rhe  following  live  illuKti-uiinntt  and  their  explaiiauniia 

^B  VhatcTer  may  have  been  the  conatnictiun  of  the  first  eontrivuuce 

^pttt  nirrite<L  the  name  of  atenni-enijine.  or  when,  or  when*,  or  by  whom 

^PTentvd.  there  ww  nothing  that  ccmld  compare  with  the  improvenientii 

■*de  by  James  \Vatt,  in  1769.    What  wa*  done  l>cfore  was  important 

oiieBy  in  leading  the  way  to  his  improvements.     Of  coiii-sc.  many 

^ttiDoi.  and  Slime  tniportmit  irupnivemcnts  have  l»'('n  made  in  the  eim- 

Bpttction  of  engines  since  Watt's  time ;  but  no  general  principles  uf  ini- 

^''^nee  have  since  beun  discovered. 

,f,  ^-^8.  Keciprocating   and   rotary  motion  of  engines.— 

Aherv  an-  rotary  bte!iiii-ent|;iiie.s.  but  tht-^^-  are  not  commonly  empluyed. 
*■*  steam-engines  in  general  use  are  reciprocating;  that  is,  they  are 
P'^vided  with  a  cylinder  and  piston.  The  steam  works  the  piston  hawk 
'^^^  forth  in  tlie  cylinder  (as  will  be  seen) ;  and  this  is  called  reeipro- 
^''^ing  mo/inn  ;  which  is  converted,  by  means  of  a  crank,  into  ntinry 
^'^tioh.  There  are  many  objections  to  reciprocating  engines  which 
*OUld  be  wholly  obviated  by  rotary  engines,  were  it  possible  to  simpUfJ' 
^^  coustruclion  of  the  latter,  and  render  them  as  durable  as  tlie 
Jul 
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$49.  Fi^upo  39.— The  high-pressure  enfirine.— Tli«  tilgh- 
prvMurt-  fiigiuf  U  i'lujiluycd  for  niJlroiul  lucomotiTe*  and  Bmoll  Ampi- 

bouttf,  I'spixnikllr  harbor  Ing- 
boal«,  niitl  ull,  or  jwmiXv  mI1.aU- 
tiuimry  ifitgiiutL 

la  ihia  uiachLuv.  Ihr  cicftpr 
stfHin  it  (IriviMi  onl  i^nuaBC  tl** 
pi-pssiiivof  till-;'  '•':■»! 

iuatc'atlormlviii.L.v^  ■>■  -i^^Ukm 
or  thir  cifntlitnidliilitj  (338  bimI 
333)  of  the  cU'um  luid  »am*- 

iiiu^it  exert  a  force  of  IfiKiLM 
Ibi'   fri|uarv    tui'li,  \'  mt 

the  AtliloiiplieriL:  jm--^  ' 

it  becomoi  effecUre  for  c  - 
tlic  lighlDess.  i{{iii|t1'    '~ 
jMUiUiras,  aiid  low  t 
higli-priMBurb  engine  mwUff  ii 
uvailalilft   riotwiiliitUuiduift  tb 
uiH-wMioniiwil  USD  iif  (rt«flin.  in 
"laiiv    plucrK    whvrv    \h 
|tr.'88uiv  or  oondeiiwiyf  u**..-. 
<'iMild  not  be  vmploTcd. 
In  tho  Bgurc,  F  in  the  ]■ 
Qtiod  Bt4<iun-tiglit  ti>  tlu<!  cylinder  which  diirruimds  it ;  S.  Uie  stMuu  1  , 
that  cxinvcyB  tho  etvraa  from  the  boiler  into  thi>  steun-chc^U  A,  «lu<b 
OtnnrauiiicutfB  with  the  iiiU'rior  of  the  c^vlinder  at  tht  t'  >  1- 

N  is  the  itiBuhHrgf  or  ej«jtiou  \>\\y^,  which  conimuii!'  «» 

opening,  Ij,  In  the  bottom  of  the  ^team-cboat;  T,  the  cut-off  or  ilid^ 
valvr,  which  is  fastened  to  and  operatMl  by  the  rod,  II,pa«tiing  ihrou^^ 
the  fi)f1  ofthu  Ht«'am-chi;«t. 

Oi'KKATiux. — Afl  the  {uston  stands  (in  the  figure),  thu  tilaam  fi  > 
■(oun-pipc  piissL's  into  the  filt^am-cheiatund  tbniugh  it  into  ili 
above  thi-  piston,  as  shown  by  the  arrow,  which  prtwea  it  1: 
bottom  of  the  cylinder,  while  the  stvam  below  the  pirton  in  ilnT»n  uul 
through  tbe  luwvr  ]iai«age  into  the  o]M-ning,  U  na  Ahown  by  tlH<  other 
arriiw.  which  c-ommnnicatM  with  the  ejection -pi  ]m>. 

If  now  the  sliding* valve,  T,  1m>  movMl  up,  b;  mvsni  of  itd  rud.  H, 
antil  it«  upper  bearing  (now  betwtvn  the  armwe)  pae8<«  tiic  ni'i-f 
paMage,  II  will  connect  the  up])cr  paasage  with  tbu  dtpoiiargv-}' 
now  thi*  lower  iMttaage  it,  while  il  will  open  a  cummunicaijoa  bciHtvii 
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H--  steftDi-chcst  and  the  tower  end  of  ttiu  cylinder,  a«  now  i\ivrv  is 
-'vii  il  and  tlie  upper  i-iid. 

The  eliding-valTe  being  thus  moved,  the  st«am  will  now  force  the 
|aito&  htck.     Uv  sUcrnatvly  shirting  the  vulve,  the  eu-atn  i^  ulteruately 
mlmilled  uud  disci largvd  at   lh«  oppuHite  ends  of  the  cylinder,  alfO^e 
bi-tow  t)io  piston. 

IUii'  supply  of  stoam,  uekI  the  connection  of  the  piston-rod  to  the 
nrai:junci-  to  be  overcome,  and  the  means  of  working  the  valvee,  will  be 
1  diown  hereafter, 
k 
*ff 


S50-  Figirro  40.— The  eccentric— Ita  importanoe.— As  at 
[ffny  stroke  of  the  piston  the  valves  must  he  eihiltif<l  or  rcviirftrfl,  it  is 

■portant   that  the  engine  it-  t'lu.  40. 

f*ff  lir  made  to  perform  tliiri 
F«f<vrut)«)n ;  as  it  is  only  by  this 
psii-aiig  that  the  steam-enjpne 
wit  lie  made  automatic  iu  its 
^lerations,  and  without  which 
■I  wonid  poesess  hut  a  limited 
"H^l'tUiicas. 

To  accomplish  this  indisi>en- 
«l»|p  I»rt  of  tlie  operation  is 
'h«^  oliject  of  the  ecoentrit:, 
"hich  consists  of  a  wliecl. 
key«d  on  the  main  shaft  of 
'hi*  fngine ;  the  hole,  through 
«hirb  the  flhaft  passes,  being 
made,  instead  of  at  the  centre, 
*t  fine  aide  of  (ho  ot-ntre.  »« 
*t-  8.  Around  llie  pt'riphery 
^f  tiifl  wheel,  in  a  gnwve.  is 
•^■laejifd  an  iron  band,  bolted 
'^(fther,  as  al  LI*  E  is  eini- 
P'y  an  opening  iu  tlie  whc-l. 
"•ado  lo  lighten  it  and  m\v 
"•^t*!.     Prom  this  band  ext#nd«  a  rod.  A,  called  the  eccentric-rod, 

'icii  ia  welded  to,  and  is  a  part  of.  the  valve- rod,  as  H  in  the  last 
*agriim. 

**i*ERATio!f. — As  the  shafV,  S,  revolves,  the  wheel  turns  in  the  band. 

'Ppose  the  shaft  to  he  revoked  half  a  turn,  which  ie  iiccomplished  by 

'**ngle  stroke  of  the  piston  of  the  engine;  then  the  wheel  will  take 

^*^  position  of  the  dotted  circle,  which  will  lift  the  eccentric-rod.  A,  a 

iuce  Ujuid  to  the  diaiancc  from  the  upper  point  of  the  circnmfer- 
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encc  of  the  wheel,  in  its  former  poaJtion,  to  thi>  upper  point  of  iji 
dotted  circle;  which  ih  sutfioJi'ut  to  shift,  or  reverse  the  ralres.    Tliu^ 
at  every  Rtrcfke  of  the  piston  and  ever}'  hulf  revolution  of  Uic  slLaft,  i- 
valm  •«  ri'versed  by  the  ecftMitric. 

351.  Fig:ure  4 1. ^Steam-boiler  and  operation  of  steam- 
valves. — Boilers  am  made  of  heavy  plate-iron,  tirmly  riveted  ttigetlHT. 
pru%idcd  with  Auit-tble  Dieans  for  heutiitg  them,  to  produce  itt<Mni. 
They  arc  partly  filled  with  water,  the  balance  of  the  space  l>eing  lillctl 
with  steam,  which  supplies  the  engine. 

The  object  of  thf  three  faucets,  I.  2,  3,  is  to  enable  the  enpimvr  i" 
uncertain,  at  any  moment,  thi:^  amount  of  water  there  may  \yi  in  th« 

Fio.  41. 


boiler.  Art  the  water,  W,  Bhonld  be  kept  about  on  a  level  with  tb* 
middle  faucet,  if  the  upper  faucet  bp  opened  there  should  escaj»e  from 
it  only  stmm  :  hut  if  tpftfrr  filmuhl  caeapc.  it  shows  there  is  too  moA 
waler  in  the  boiler.  If  mingled  water  and  steam  escape  froin  die 
mifhtlf  faucet  it  shows  the  Iwler  is  properly  tilled  :  but  if  only  stosm 
Mcapeji,  it  shows  the  water  is  low ;  and  if  steam  issues  fi-om  the  lower 
bncet  it  indicates  the  yrntcr  is  ilanfftrouaJ^  low.  The  level  of  the  water 
in  the  Imiler  is  also  shown  by  communicating?-  glass  tuiiea  arranj^  '*» 
the  outside  of  the  Imiler. 
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V  b  ail  nutvrani-nctiDg  siirety-Tnlvt^  to  allow  ihv  st«am  tn  mcape 
rht-u  iu  prvsjiiirf  ha«  rvuclied  the  point  Iwvuud  wliicli  it  is  imsart.'.    The 
ill  ikud  IvTtr,  Aiiil  tlio  size  uf  tbe  valve,  euatblc  thu  engineer  to  ileter- 
iil>*  1111(1  rtt  the  limit  of  preuBUre  at  different  tini«.it. 
Thi-  inttunl-w'orkiiig  sarety-viilvc,   U  \»  to  [^irev..-nt  (he  boiler  fr<»rn 
-ing  colUpsiil  hjr  Hit;  iitinoDjihcric  prc-jsurc  without,  in  the  event  of 
ti!  strain  bpcotoing'  cundonsed  within. 
A  in  the  IhmtOe'Vahe,  wbicli  govt'nis  the  8iip]»ly  nr  flow  ofstiiun  to 
\\v  cylinder;   F,  the  piston;   K,  the  pistou-nid,  {lasitiiig   thnmjfh  a 
[uffing'box  at  (he  hrud  »X  the  cylinder.     The  actlun  of  the  stvam  on 
I    rolleil  \is  the  fntir  valves,  T,  E,  F.  ittid  li.     Hy  trm-ing 
I'     I'll   rcprv*.'Ul   eteuin)  out.  of  Ihc  boiler,  it  will  be  aeen 
lukt  T  M  oppa  und  r  cloied,  so  that  the  piiton  \%  being  driven  down 
irofBiiTP  of  the  itoom  on  its  npper  surface,  oa  indicated  by  the 
:t  arrows:  while  tht-  steam  below  the  piston  itt  Iteing  driven 
Ibe  valve  U.  and  kept  from  escaping  above  tlie  piaxon  by  tho 
valve  K,  us  the  arrowH  indicate. 
Hy  n*teniiMg  the  valvea,  the  piston  will  he  forced,  ui  the  opposite 
and  tn  oD. 

'- iv  wayB  of  arranging  the  valve«  in  different  engineji; 

It,  ri  rucied  and  amtngcd,  the  principle  of  reversing  them 

tlu*  MIHIC 


3d'-  Condensation  in  ateam-en^mes.— Referring  to  the 
itia>[rani  (Fig.  41),  if  by  any  in>-Ati8  the  valve,  H^  ooald  becloaed, 
It  pUeiun.  below  the  piaton,  fliiddonly  con-  PiQ.  43, 

,  tbe  apwurd  pressurv  or  rvuiHtiLiice  of  tb« 
(lA  Ibi.  to  (he  Bqiuure  iiieh)  wonid 
;  which  would  )«  efiuivalt-nt  ti)  in- 
thc  *rlttKtic  forct*  of  the  stt-ant  15  Il». 
laare  loch.     Thi<i,  however,  is  accom- 
Ihu  condensing  or  low-pressure  en- 
43). 
iTantage  of  the  atmosphfrif'  pressure 
a  puton  of  Iko  ftei  diametnr  u  nwrly  threr 
K  haif  tons. 

•35^.  Figure  48.  —  Stuflang-boxea.— 

[  ohjret   <■  -  to   fiirnieh    11   working 

-tight  j'  iitiiig  lietweeii  the  piston- 

[  and  rTlinder^licMl :  lui  also  to  provide  such  a 

'     V  gases,  va- 
i>^tprc«nre. 


IKH  HEAT  AND  STBAM-ENQINE. 

Let  H  be  a  section  of  the  piston-head,  with  a  hollow,  dish-like  pre 
jection,  L,  on  its  upper  surface,  filled  with  cotton,  hem]),  or  other  fibroiib  ^ 
substance,  shown  by  the  small  dots ;  over  which  is  placed  a  downward:* 
projecting  disk  or  collar,  which  crowds  upon  the  fibrons  substance,  au£:3 
drives  or  presses  it  against  the  rod.  A,  as  represented  by  the  directioir  i 
of  the  arrows.  The  force  with  which  the  hemp  or  other  material  i^ 
pressed  against  the  piston-rod  is  regulated  by  the  two  bolts  andC 
nuts,  TT. 

354-  Fifiw^e  43.— The  low-pressure  or  condensins  en — 
g;ine  {see  fi-ontispiecc). — The  low-pressure  engine  is  employed  on  ulU 
large  steamboats,  and  in  situations  where  economy  of  fuel  and  the  great — 
est  mechanical  effects  from  it  are  the  principal  considerations. 

Owing  to  the  nearly  perfect  vacuum  obtained  by  the  condenser  and  J 
air-pump,  about  14  lbs.  to  the  square  inch  of  the  atmospheric  pressure  ^ 
is  removed,  which  adds  so  much  to  the  mechanical  energy  of  the  steam    - 
(352).    Hence,  with  a  pressure  of  only  10  lbs.  of  steam  to  the  inch,  a 
mechanical  force  of  ^  lbs.  to  the  inch  is  obtained;  which  shows  the 
propriety  of  the  term  loio-pressure  engine. 

S  is  the  steam-pipe,  which  conveys  the  steam  from  the  boiler  to  the 
engine;  just  at  the  opening  of  which  is  seen  the  throttle-valve,  which 
controls  the  flow  of  steam.  B  is  a  double-acting  cylinder;  N,  the 
valve-rod,  provided  with  adjustable  arms,  and  connected  to  the  valves 
in  the  steam-chests;  Y,  a  right-angular  bar  or  lever,  which  works  the 
valve-rod ;  P,  the  eccentric-rod,  that  operates  the  valve-lever ;  U,  the 
fly-wheel,  on  the  shaf^  of  which  is  the  eccentric;  D,  the  pitman,  which 
connects  the  working-beam  above  with  the  crank  of  the  shaft ;  Z,  a  beam 
on  which  rests  the  bearing  of  the  working-beam ;  HIJK,  the  parallelo- 
gram which  produces  parallel  motion  and  vertical  action  of  the  piston- 
rod  ;  JR,  the  radius-rod.  The  beam,  on  which  the  working-beam  rests, 
is  supported  by  an  iron  column  in  the  centre ;  0,  a  triangular  bar  to 
communicate  the  action  of  the  governor  to  the  throttle-valve,  S,  in  the 
steam-pipe.  EE  is  the  cold-water  cistern,  in  which  is  contained  and 
immersed  the  condenser,  L,  and  air-pump,  T ;  V,  the  rod  which  opens 
the  passage  for  cold  water  to  pass  from  the  cistern  into  the  condenser ; 
P,  the  pump  which  draws  the  hot  water  from  the  hot-water  chamber 
(above  A)  in  the  cistern,  and  sends  it  to  the  boiler ;  W,  the  pamp 
which  supplies  the  cistern  with  cold  water  from  the  well  or  other 
source. 

Operation. — By  means  of  the  eccentric  on  the  shaft,  the  eccentric- 
rod,  P,  and  right-angle  lever,  Y,  and  arms  on  the  valve-rod,  N,  the 
valves  in  the  steam-chests  (at  the  upper  and  lower  ends  of  the  cylinder) 
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[*re  altoniAtelj  reversed,  iU  the  piston  is  moved  up  and  down.  The 
«\mnBt-gti'am  is  met  in  the  condenser,  L,  by  a  jet  of  cold  wafer  Iroui 
Uk?  eisUTi),  GB,  which  condenses  the  residuum  etcum  and  prodncfs  a 
ncuum  (332)  in  the  cylinder,  oti  the  side  of  the  piatoii  opposite  to  tlic 
pmmre  of  the  steain.  The  condenser,  U  is  kept  exliaiistei!  of  wnfer 
and  air  by  means  of  the  air-pump.  T.  The  onl ward-working  valve  at 
fhe  tiollom  of  the  condenser,  and  the  upward -working  vitlTe  in  the 
pltiugirr  of  tbe  air-pump,  will  be  readily  underfitood. 

As  ihe  piston  of  the  air-pump,  T,  descends,  the  valve  in  the  hot- 
water  chamber  close's  to  pn-vent  the  hot  wator  from  returning  to  the 
iir-pump;  and  the  valve  between  the  air-pump  and  condenser  closes 
hp  prevent  the  contents  of  the  air-pump  friim  returning  to  the  con- 
denser. 

The  air-pump  dischargea  it*  water  into  the  liot-water  ciutern  above  A, 

from  which  it  is  drawn  by  the  pump  P,  and,  to  economizf  ht-al,  is  wnt 

tiiroagh  the  doltvd  pipe  in  the  brick-work  to  contribute  toward  feeding 

Ihe  boiler. 

The  cistern.  EE,  is  kept  supplied  with  cold  water  by  the  pump.  W. 

Xhe  governor. — The  throUle-vulve,  H,  whieh  adtnils  steam  to  the 

Iiisttio,  IS  eonlrolled  by  the  governor;  which  consists  of  two  heavy  iron 

halU  suspended  on  anns,  as  «hown.      These    arms  are  pivoted  on  « 

a*nlral  5pindlc,  which  is  made  tn  i-evolve  by  mertiis  of  a  cord  or  htflt 

(shown  by  the  dotted  linrs  passing  over  the  two  friction  rollera)  con- 

neotia^  the  main  shaft  with  u  pulley  at  the  bottom  of  the  spindle. 

^»e  txills  arc-  swunj;  out  fri)ni  ihe  spindle  by  ci-ntrifit^'iil  force.     If  the 

"•giiie  is  running  too  fa^t,  the  balla.  by  rising  higher,  will  draw  the 

|«idinf  collar  or  sleeve,  M,  down  on  the  spindle,  which  throws  the  piT- 

P^ndiciilar  arm  of  the  right-angle  bar  to  tiie  right:  which,  bi'ing  con- 

''*'Cted  to  the  arm  of  the  thrnttlt-viilve  by  an  iron  rod,  partially  closes 

*^  Valve,  imd   thus  diminishes  the  supply  of  steatn.     When,  by  this 

"^lUs,  ihe  fijM^ed  of  the  engine  is  unfficiently  reduced,  the  balls,  being 

J'^PrijBsed  by  gi-avity,  reverse  the  motion  of  the  throttle-valve  and  again 

^^  <*xx  more  nte-nm. 

^'he  arm  of  the  throttle- valve  is  provided  with  a  series  of  holes  to 

ruUte  \U  opening,  to  adjust  the  supply  of  steam  to  the  amy  nut  of 

rorV  to  be  performed  by  the  engine  at  different  times. 

Tlie  fly-'wheel. — Aa  the  crank  rorolvcB.  there  are  two  poinl«  or 
"«iti(iTts  where  it  is  said  to  be  on  "/Ae  dtiml-ceitirn.^    When  the  pit- 
man, I>,  works  vertidiily,  the  deail-ceiitn-e  are  at  the  highest  and  low- 
[•^  point4  reached  by  the  crunk-pin.     If  the  engine  is  at  rest  and  the 
<:Tnnk  i*  in  either  of  these  two  positions,  the  fiy-wheel  must  be  revolved 
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a  little,  by  hand,  before  the  eteam  can  move  it,  as  all  its  force  would 
act  in  a  straight  line  running  through  the  centre  of  the  shaft,  which 
would  have  no  tendency  to  revolve  the  wheel. 

There  are  also  two  points,  in  the  revolution  of  the  crank  where  the 
power  of  the  steam  is  the  most  effective  in  revolving  the  wheel ;  and 
these  are  at  right  angles — or  90° — from  the  dead-centre  points.  From 
3  (one  of  the  dead-centres)  the  power  obtains  a  stronger  and  stronger 
hold  on  the  crank  until  it  reaches  the  position  of  1  (the  piston  being  at 
"half  stroke");  then  its  hold  grows  lees  and  less  until  it  reaches  the 
opposite  dead-centre  point,  where,  again,  the  power  becomes  wholly 
ineffective  to  revolve  the  crank ;  and  so  on. 

This  will  explain  one  of  the  reasons  why  a  heavy  fly-wheel  is  indis- 
pensable with  a  single-crank  engine.  As  there  are  bnt  two  points  in 
each  revolntion  of  the  crank  where  the  power  of  the  steam  can  exert 
its  entire  force,  it  becomes  necessary,  to  employ  the  fly-wheel,  to  equal- 
ize the  power  in  its  application  to  the  resistance,  and  give  the  engines 
Bt«ady  and  uniform  motion. 

In  steamboats,  however,  the  weight  of  the  crank  and  wheels,  together 
with  the  motion  of  the  boat,  act  as  a  substitute  for  a  fly-wheeL  The 
wheels  of  railroad  locomotives  and  the  momentum  of  the  entire  nu- 
chines  act  as  fly-wheels. 

The  unequal  resistance  offered  to  the  engine  from  one  momeot  to 
another,  as  in  rolling-mills,  etc,  also  makes  it  necessary  to  employ  the 
fly-wheel,  as  otherwise  the  engine  at  one  moment  would  be  resisted 
beyond  its  power,  while  at  another  it  would  have  no  resistance. 

Parallel  motion. — The  object  of  the  parallelogram,  HIJK,  is 
to  produce  an  upright  or  vertical  motion  to  the  piston-rod  without 
slides;  though  slides  are  now  usually  employed.  The  radius,  JB* 
being  fixed  at  R  t«  the  beam,  determines  the  arc  of  the  circle  thioa^b 
which  the  point,  J,  moves,  which  causes  the  point,  K,  or  head  of  the 
piston-rod,  to  travel  in  a  straight  perpendicular  line. 


tiPTIVS. 


'HM 


CHAPTER    X. 

(CHART  NO.  a.) 

OPTrcrs. 

Oeneral  PropeiilM  of  Light. 

\,  BeflnitionB.— Optics.— Optiog  is  tbul  braocli  of  I'h^-sics 
ch  trvau  at  tlie  imtnm  ami  prupertJea  of  light 

Xiffbt  is  that  mysteriuus  ngent  wbich.  acting  apon  tJie  argHua  uf 
ifin,  produces  the  seuiation  of  sight.  Light  anfoldi)  to  as  th(>  lieikiuiiA 
[natiirt',  aiiil  britigs  tu  into  caDveaient  and  pk-saing  relatiou  with 
>un(ling  i.bjccta. 

Wff.  Katnre  of  li^ht,  ~  Theories. — T»o  theories  have  been 

i«4  to  Acootint  for  the  phenomena  of  light;  the  Corptueular  or 

ROM  TJir/iry,  and  the  iVai't  or  VniiultUory  Thmry. 

firding  to  Ihn  a>rpUitrnUtr  or  emi.yxion  M*vry.  light  consists  uf 

Eiuteljmnall  particlt^uf  matter  shot  forth  from  burning  or  Itiminoua 

9i«y  with  immense  vclocitv.  which,  fnlling  apon  Uie  retitui  of  Uic 

prodaoe  the  BcDsutiun  of  sight. 

Anurding  to  Ibi*  wniv  or  undulatory  theory,  light  consitfts  of  waves 

Inlatioiia  in  tltp  etiiei-eat   medium,  caused  br  lomiuona  bodivs 

;  upon  it;  and  that  these  waves  doah  apon  thfi  retina  of  the  eye, 

pmdiu-ing  eight ;  eatne  as  wavi-s  of  nir  fall  npon  the  ear.  and  prodnce 

ttt^ienmtian  of  omnd.     Kr  this  theorv  no  maiu>r  whatever  h  thrown 

frvi  the  Inminona  body.     The  ethereal  nicdinm  which  the  lumi- 

Fnu  body  OrL-ts  Dpon  or  sets  in  motion,  is  h'up|K>^cd  to  be  oniversully 

^ttuRcnt,  impal|)able  or  imponderable,  and  extremely  elastic. 

Th«it^b  cltere  hsM  been  a  groat  diversity  of  opiaioQ  respecting  the 

WBr?(.rb^bt,  lb'*  ttu'luht/ori/  theflrr  is  nor  mo^t  gynerallv'  rvceiv.^ 

•*il  timn- Mnisfacti.'rilv  ii'-'.\'iint«  for  the  varioiis  phenomena;  though 

I'M  ii  dilB4--iilt  ti)  explain  all  tbe  pbenomt'na  of  light  even  on  thii  theorv. 

|3i*llkinrT  iif  light  is  rntindy  aatisikotory. 

Jrt*  BouroeB  of  light.— Bodies  which  give  out  or  emit  ligiil 
J-  'j>x.     The  a>iirces  of  light  are  thw  mn^ftar-. 

\>tut,  phusphoretctncey  and  eUclriviitf. 


SOa  0PTIQ8. 

NocJiiug  is  known  of  the  cauBC  ot  the  light  emitted  by  Ihft  mn  mid 
Btora.  It  is  known,  however,  tlint  bodiea  become  luminous  at  a  hiigft 
tern  pent  urE>,  and  the  greater  tlie  intensity  of  the  heat,  the  more  viridlr 
they  shine. 

Artificitil  light,  aa  of  candles,  lamps,  gas,  etc.,  is  tine  to  combiuLiiiti 
of  subataiiCL-a  containing  carbon  and  hydrogen.  Sef  striictnre  of  flmuf, 
844.  '['he  chemical  action  in  such  cases  disengages  men-  or  kw  in- 
tenac  heat,  as  ttie  burning  body  becomes  liiminons. 

Phoxphorencencc  \s  a  puto  light  cmitteil  in  t-he  dark  by  certain  flib- 
sLuuceiJ  wlijcb  du  not  appear  to  emit  any  sensible  heat.,  a  Iteuuliful 
.specimen  of  which  may  be  seen  by  looking  at  eold  WiUni  lobster  iii  \\v 
dark.  It  \\\ii  Wen  observed  in  animals,  vegetables,  and  mineraU:  tli<f 
glow-worm  and  fire-fly  emit  it  Under  certain  conditions  of  the  ut 
and  water,  magnificent  di8ptay«  of  it  may  Im-  seen  in  the  tr»eJi  o(  i 
»te»mboat  in  salt-water.  The  canm-  of  phosphoregecnoe  is  not  knowu. 
but  in  some  cases  it  appears  to  depend  upon  uleutrlctiy. 

Eledricity  is  a  siiuro  of  light  en  inh'n^e  that  its  brightness  is  eqaal>) 
in  some  cases,  from  one-fifth  to  oue-fourth  that  of  the  sun. 

358.  Similarity  of  light  and  heat.— There  are  eerenl  reasons 
for  itiipposing  that  the  OnrmaU  luminous,  and  thmnical  rays  (420)  O* 
ennbeams  are  one  and  the  same ;  among  which  are : 

1.  Light  and  radiant  lieat  are  reflected,  refracted,  dispersed,  lAx^^ 
polHrizo(]  in  the  same  way. 

2.  Thi!  ilark  lines  in  the  solar  spectmm  are  ilevoid  of  heaL 

3.  Similar  dark  and  cold  lines  exiKt  in  the  obscure  imrt  of  the  ep^*"j 
tmm  beyond  the  red  end  where  the  heat  is  most  intense. 

4.  There  \a  an  absence  of  both  heat  and  chemical  action  iu  the  d»] 
Une«  found  in  the  luminous  pai-t  of  the  iipectrnm. 

S/i9.  Belatton  of  different  bodies  to  Ught.— Bodice,  as  r 

!at<?d  to  light,  an-  lithor  Inmiuoua,  non-lnminons,  ininspareiii,  InmU'* 
cent,  or  oimqne. 

Lhihihous  butiief  are  those  in  which  light  originates,  m  the  sun  sk^ 
burning  IwdieA. 

A'on'lumiiious  girlies  an*  tho9e  which  are  seen  by  reflected  light.  * 
the  earth,  the  mtmn,  a  rock,  n  honae,  etc 

Traiupttirtit  AtWiM.  also  said  to  be  diaphatioua  (meaning  to  ehi '^ 
through),  permit  light  to  pose  through  them  Ireoly.  u  glass,  wal^^i' 
and  .-iir. 

TramlttctHt  bodies  are  such  as  imperfectly  transmit  light,  but  »*= 
suflicicntly  to  sliow  the  outlines  of  objects,  as  ground  glass,  oiled  pap*?' 
thin  jHtixvlain,  etc- 
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iqut  bodiei^  are  thosf  which  Uo  not  onlinarily  allow  any  light  to 
through  them,  na  woo>rl,  iron,et«.;   though  thin  leaves  of  some 
lis  partially  tranKmil.  sftme  colore ;  thin  leaves  of  gold,  for  instance, 
insmit  a  beaatifnl  violct-grcen  light 


SaO.  A  medium.— Propagation  of  light  in  a  homoge- 
neoos  medium. — A  mt-tlium  ii^  iNmitii/erouf  when  ii  trant>miu-  Uglii. 
u\<l  it  U  fifmof/v/ievKf  when  lU  cotnpusiliuu  and  density  are  the  sujii? 
ia  all  its  purtx.  AH  space  is  supposeil  to  be  |>ervft<lc(3  by  ^iicli  a  irn-- 
iliom.  ohIKhI  htminiferouH  ether.      In  a  homogoneoue  medium  light 

«iT8  moves  in  straight  tines,  as  may  l>e  shown  hy  adniitUng  tight 
tnioidark  rhamlier  hy  a  very  uniall  (ijK-ning.  which  renders  the  course 
rf  ilie  light  visible,  by  its  illumination  of  the  Iin«  particlf?*  of  dusl 
■lirsTii  flouting  in  the  air.  Media,  such  as  water,  air.  and  glass,  are 
pemidcd  finiong  their  purticles  liy  the  luminifeRUts  ether,  but  no! 
alnygiD  flueh  a  atate  as  to  permit  the  transmission  of  light. 

$$1.  AbBorption  of  light. — No  body  is  perfectly  traneparenl ; 
nil  iDhTeept  «r  iiliHtrh  a  jKirlion  of  lighU  Hume  media,  which  in  thin 
Uimart  transparent,  intercept  or  absorb  most  of  the  light,  if  they  be 
n'7thiclc.  Opat|ue  bodies  absorb  all  of  the  light  falling  upon  them 
which  is  not  reltected  (see  Opaque  Budieis,  359).  The  cause  of  aI)Sor|>- 
tian  it  som^  pecniiarity  of  molecular  constitution,  which  breaks  tip 
Wd  iiMitraliwB  the  wares  of  light  that  enter  them. 

Tbouirli  the  air  appeiim  jM^rfectly  transparent-,  much  of  the  light 
•^''iiesun  ia  alisorbed  by  it  in  rfjacliing  the  earth,  Fn;  i 

mtn  by  the  greater  brilliancy  of  the  stars  when 
'>*»ed  from  high  mountain-tops.  In  fact,  *>  great 
" 'ne  cl^arnesA  of  vision  in  the  higher  regions  of 
^*^  «tmo8phere,  that  it  becomes  exceedingly  diffl- 
"*'  to  jndge  of  distances. 

'ff^.  Pigure    1.  — Rays,    pencilB,    and 
«ai»Xfl  of   light.— A    single    line  of    light  is 

■^  J!»f»f:H  of  light  is  a  conection  of  rays  diverging 
MOW  <jr  converging  to  a  common  jwint.  ae  shown 
~  to^  iliagram.  TTence  there  are  converging  and 
""**^iiig  rays. 

«     team  of  light  is  a  email   collection   of  parallel   ray.^.  such  as 
'*4  ]«SB  through  a  hole  in  u  Hhutter,  from  a  distant  body,  as  the 
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S6S.  FigTire  2.— Visible  bodies  emit  Ug-ht  trot 
point,  and  in  every  direction,  ihe  mys  ilivergiiig  \ 

point  ID  straight  ll 
"'"    -■  twoeyt8.in  the  Ijgrt 

rnys  of  light  fromi 
X\\we  pointtuf  Uiel 
not  the  same  myii 
luid  every  point  of  I 
binitj  light  in  v^ 
tion,  but  the  eye  a 
poisitton  only  taU 
rays  that  come  iu| 
tion.  There  are  I 
3i»icee  among  the  \ 
n,  in  the  dinj^ni 
entire  space  ia  q 
Tuys  eros^iug  eoc}^ 
every  point.  i 

S04-  Properties  of  Ugl^t.— Light  falling  upon  any  sii 

either  ahsorlii-il,  iiis|>er.*c(l,  r.  fleeted,  or  refracted. 

Abnorptirm. — Ijjj;ht  falling  upon  a  btack  stibstance  partly  q 
and  \&  said  to  be  abitorhed.    No  substances  absorb  all  the  ligbi 

Dittprrsivn. —  Light  falling  upon  opaque  bodies  ejiuses  tlie^ 
light  in  all  directions,  and  thus  liccomc  visible.  Snch  bodic 
to  dispense  liglit,  beuauGC  they  scatter  it.  Light  is  Ihuft  dtf 
the  iauurnerable  little  facets  uf  the  particles  composing  ^ 
surfaces.  I 

/?^/f*c/ioH.— Light  falling  upon  polished  surfaces  is  thro 
regular  manner,  ax  a  bull  ndiound^  from  a  Qour. 

Rffraclion   is    the    bending  of  a  ray  of  light,  caused 
ol>lii|uely  from  one  iran£|»a>Qt  mtrdiuni  tu  another. 


CATOPTSIOB,    OK    RBPLBCTIon    OV    LIOBT. 

B«flectoirfl — Xirroiv— Specula. 

SGf'i.  Reflectors  are  solid  bmlies  bounded  by  regnlai 
highly  polished,  and  capable  of  reflecting  a  large  portion  of^ 
which  falls  upon  tlu-ni.  | 

S66.  Mirrors  and  specula.— .tfirryr."  an*  rvfli*ctor«l 
glass  and  coated  with  an  uuudgaut  of  tin  iiud  ^jnick^ilver. 
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via  lire  rvlleclora  dukIp  ol'  lUftiLl,  biglily  jjoiislu'U.    Tliirty-iwo 
put8  uf  (xi|iper  to  fifteeu  of  tin  make  the  best  mt^tallic  reHeoturii. 

S67.  Forma  of  reflectors. — Reflectors  art  either  j>/a;M  cr  curved. 
Carved  mirrora  or  epecnla  mny  he  gj^tricat,  elliptical,  or  paraMnid. 
nncaee  aphericat  mfrri>r  itt  a  portion  of  the  iaierior  Burfucc-  of  a 
here.    A  convex  spherical  mirror  is  u  {lortion  of  the  exterior  tinrfuce 

A  line  pawing  through  the  centre  of  and  perpcndiimlar  to  a  spherical 

efliMtor,  is  callt-d  thu  axit  or  principal  ari$.    The  ct^tn?  of  the  sphere, 

refo'liiiih  liie  luirmr  fornig  a  pjiri,  is  called  the  cetitr>'.  or  optii-ni  rt^nlre. 

iThe  miiidle  |H)itil  of  the  mirror  is  called  tlie  iwWcx.     For  jutrttbuhid 

infiectOFB,  see  392. 

lo  Ihi*  use  nfi^luji.-  niiiTont,  »  portion  of  liphi  nHfrti'd  from  the  first 
liurfatr  iiiterferi'rf  with  ihe  perfection  of  the  image  (3ft8);  henct-,  wliere 
I'tbi  iu(jeL  jKrrect  iiiittniuumta  nru  rei[ulr(Hl,  mcUiHIc  rufleL'turs  ure  cm- 
TiIOTwi 

S68.  The  laws  of  reflection  of  U^lxt  ure  the  mme  m  thosu  of 
nflection  of  heat,  illuiLp.iU;iL  by  Fig.  ;20,  (Jhatt  -i  {'i^l),  and  tire  thus 

IsL  711*  incident  rnif^  the  perpendicular  nt  fhe  point  of  incidmce,  and 
M<  rtfifcieil  ray,  are  aU  gUtialed  in  the  same  plane. 
H  The  aNi/le«  of  iueideuee  awl  rejleHion  are.  eyunl. 

■360.  Direction  in  iwhich  objects  are  seen.— Whenever  the 

fi^lll  {wases  in  u  straiglit  liue  from  Uie  oijjeL-l  to  the  e_ve,  Ihe  object  will 

''fiw*!!  exsclly  where  it  is;  but  when,  by  ivflection  or  nrfrikction,  tht- 

W«  are  lumwi  from  their  first  direction,  ifte  object  wilt  be  seen,  and  mi 

It  to  he,  in  the  directtim  in  arhirh  the  rayit  ure 

tng  at  the  point  tiyhcre  thetf  enlrr  the  eye. 

Beflsction  at  Plane  Surfocoa. 

S'^O.  rigrure  3.— Reflection  of  diverg- 
es rays. — In  a<M!ordiiiiwj  with  ihe  pecond  law 

«  ri-ticcUon  (368),  diverging  rays  hefure  n-iluctioii 

*iil  beeqnaUy  divergent  afler  reflection,  as  dhown 
Hf  the  diagram,  in  which  A  is  the  )>liiru-  ntirror. 
^B Beflection    from    a    plane    mirror,    iht-Pefore, 

''langea  the  direction  of  the  rays,  and  removes 

'"(^  point  of  apparent  convergence  or  divergence 

^  thf  oppoeite  aide  of  (he  retlector.     The  dotted 

Wteashow  the  coarse  which  the  raye  would  take 

l*he  mirror  were  removed. 
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S71.  Figure  4.— Befloction  of  oonvergrin^  rays.— Id 
ixirdHrioe  with  tlie  same  lav,  oonvt>rging  my*  b'.'furr  reBt'ctiuo  will  ooc 
Terge  afttr  rtflectiun.     The  dfgiw  of  courergcnco  before  and  aft* 
refli-ctton  will  be  t]i«  eainc  ;  and  tiic  refiociiKl  rays  will  ii)e«t  m  « 
a«  fitriQ/r-AM/  of  the  mirror.  }j^  as  the  point  at  which  tht^y  wtml 
(shown  by  the  duttiMl  lined)  is  behind  it,  if  the  mirror  wur«  num 
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S72.  Figure  5.— Reflection  of  parallel  raya,— In 

aiiix-  witti  lliv  liaiiie  law,  puntDt-l  rajrs  before  ix'tlcctiou  will  be 
after  reflvctiou,  a«  illDHtratcd  br  ilie  diagram. 

S7S.  Flgrure  6.— Oonvex,  plane,  and  conoava  mirroi 

A  ray  of  light  from  the  \a\\\\\,  T.  rjiUiti^  uiHtu  tin-  jviini.  H. ": 
pliui«  mirror,  KP,  will  be  rt.-fltM;t£d  in  the  fly«  at  U    Tlie  lin*,. 
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beinic  iH-qvndiuuUr  tu  all  ihrcipof  the  nirr<>r«  at  th'j  point, 
ma»  nkv.  TH.  in  uriMnUnre  with  tb<>  sornnd  Uw  of  rc*flcotiun, 
bo  nfleotcd  to  the  iomn  point,  L,  b;  each  of  tha  chrw  mirron. 


paper 
fcS     UJDd  F,  it  will  W  nuuv 
Iskteniu  *t  E  than  st  V. 
b%-<niust^  till-  uDglt*  of  iuci- 
a*Mir«    (THN.   Pig.  G)   is 
L'atKF  «l  It  thftn  at  A. 
Tliis  is  illmitraU>(l  by  the 
fuct.  that  nenr  siinsut  ttiv 
r»*ni'fU-d    rays  uf  tlio  stiii 
nru  M   brilluiut,  thu  vyx^s 
uttD  hmnlly  bi>ar  tu  louk  at 
fh.  !>■   iir    toid-tUy 

w>_' .  iliem  witiiout  difficulty. 

Uighlf'polishtNl  metitllin  Bnrfacee,  however,  rffleot  more  light  a»  the 
nn^V-  iif  ineitlL-uiiu  (limiiiiflhes.  the  greatest  umoitnt   lit«ing  rfHi-cU 
wli^d  Uie  int'iilt'iit  rays  are  ptTjK'iulicuUir  l«  tbt  aurfact*. 

The  iat«usily  of  the  reflect^  light  will  aUu  dcpeud  uik>u  the  nutui 
«nd  degree  of  jwlish  of  the  reflector. 

The  mr>3L  perfect  reflector  does  not  reflect  all  tho  light,  but  dif 
port  of  iu 

Fib.  8. 


F  -^. 


-^T',?.  Figure  8.— Imafires  formed  by  plane  reflectora.- 
'«^al  linage. — Ul  A[>  Uv  an  ubject  placed  in  Crwjit  uf  u  pi 
^f^toatal  mirror.    The  light  from  the  points.  A  and  D.  will  be  re-i* 
"^t«l  to  the  eye  at  T.    Tho  rays  from  A  will  a/tpear  to  come  from  a 
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point.  V.  as  fkr  behind  the  mirror  as  A  is  in  ttoni  of  il 
iswc  of  the  plaint,  D,  uud  every  uLher  point  of  the  object 
objeii  will  appear  to  l/e  sifuated  m  fur  Mind  iw  1/  acfuaU^ 
0/  the  reJIeHin: 

If  we  atond  with  our  right  arm  toward  llie  mirror,  the 
nppfar  tii  have  t:h«  left  i%nn  tow«,nl  the  mirror;  orthu  imagti 
lati'rallv.  This  is  because  the  image  of  mrk  point  is  as  far 
mirror  u^  tbu  point  of  the  object  is  in  front.  The  imag«  ' 
orvcL  and  lull  ^ze.  Ucucu,  the  object  and  image  are  eyitOM 
mUfd  Kith  reitpfci  fo  thf  mirror.  ^M 

The  n'r/itrt?  imape,  therefore,  la  an  image  which  appears ' 
If  H.  [terson  approucheit  a  mirror,  his  iniags  aeems  tp 
meet  him. 


S70.  Figrtire  9.— Multiplicity  of  Images  of  a  &\ 
Bceu  by  means  of  inutineO  rc&ectont.     When  an  object  it  plw 

two    mirrors,    wl 
^'*'-  *■  with  ea<>h  other  1 

90°,  or  leM,  sev) 
an-  pntduwiUvarj' 
ber  according  to 
tion  of  the  mirro 
are  perpeudicula 
other,  thre«  imn| 
SfC-n,  as  reprcaen 
diagram.  I^el  L 
ject,  Biul  llic  hcA 
two  mirrors.  Pli 
videi'^  at  K,  am: 
dottvd  circle,  am 
of  the  object  will 
the  eye  at  each  of 
1.  %  and  3.  The  plain  arrow-lines  repre«eut  the  incident  a 
rays  by  which  the  object  ia  seen.  The  straifrhi  dotted 
where  the  object  ne«m»  to  be,  and  hence  the  three  images. 
noticcrl  that  the  imag:e  3  is  the  result  of  double  n>flectiai^^ 

377.  Kaleidoscope. -This  toy  depeiida  npon  the  mi 
of  image;3  by  inclined  mirrors,  as  jiiet  pvphkiiied;  the  mi 
placed  at  angle*  varying  from  30"  10  60°,  and  incloavd  wil 
able  raeo  or  tube^  In  the  end  of  the  tube,  behind  grouiu 
narrow  cell,  contuining  several  small  objects,  as  bits  of  cc 
Un«ut,  et^-.,  which  are  i\w  to  tumble  abouL 
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S78.  Fifirure  10.— Deceptions  practised  by  aae  of  mir- 
tots:  Beeing  through  a  brick.— Tliis  io  duue  by  meRiis  of  fuur 

|"'■'•■^^  and  live  aliurt  tulws  _ 

J  i  111  .1  together  «t  right  an- 
glts,  M  repnisenitHl.  The 
ainora,  1,  3,  3,  and  4,  are 
placed  BOCoessiTcl/  at  an  un- 
gk  of  45°  to  the  inckleat 
HT  coDiinf^  fWun  the  object 
llw  nys  of  the  ciiiiditt  ure 
rrOwled  by  thu  niirrur  I, 
\rt-tically  to  tli«  mirror  2 ; 
aotl  Trom  tlic  mirror  3,  liori- 
lonulk  tn  3;  and  from  3, 
T-tically  to  4;  and  from  4, 

1  r;i)utuUy  to  the  ovc    Thiia  tho  candio  will  be  seen,  apparently,  in  a 
.liinut  liiif*  patwiug  llirungh  the  brick,  or  utlier  opaijiie  body,  A. 

S7U.  Figure  11.— Plane  mirrors  may  reflect  objects 
doable  their  own  lengrth.— Lut  L>  hv  i)r<  mirror,  of  intir  tho 
lenpb  «f  th)^  objitct,  ET.  The  point  of  the  aiTow  is  reflt-ctcd  iVoiii  ilie 
top  of  tho  mirror  back  to  the  eyt,  the  reflected  ray  taking  the  track  of 
litt  inddeot  ray.    The  oppusiit?  extremity  of  the  ol^ect  id  roflect^d  by 

Pio.  11. 


lowpr  Olid  of  the  mirror,  the  incidfeiit  and  reflected  rays  forming 
uigles  with  the  surface  of  thr-  mirror.  In  the  same  manner  all 
»nt«  of  ihe  object  will  be  reflected  to  the  eye;  and  the  object  will 
"Wpar  to  bir  at  LF,  a  diaUnre  iw  far  befiind  as  it  is  in  froa/  of  the 
•nim>r,  u  ahuwD  by  the  dotted  lines,  which  are  Imaginary  continua- 
Juxiiitf  tlif  iucideut  tmd  rvlieotvd  ruya. 

14 
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380.  Flgrure  12.— The  mariner'a  aextant.— TliU  is  ma  i 
iitramoDt  for  mcasuriDg  the  ultitutlea  uud  nogular  difltaaoci  of  tl 
heavunly  IxHlieii,  ami  di'-ix-iiils  uri  r^tieuttun  nram  twu  ratrnira. 

The  mirrors,  A  and  L,  are  so  mouabixl  tliAt  Uiuir  oiigle  of  indin 
tiou  tan  U*  varied.    Tin*  uirrur,  A,  is  utUchcd  to  the  nur 

At'i  bjr  which  \Xa  iQcliuatiuii  [&  chnogod  by  moviuff  the  »rin  .>. ^  .. 

gwdimt^^  arc.     The  mirror,  L,  is  firmly  attaclicd  to  the  traxoif  of  il 
instrument,  u  little  of  the  Bilrcring  of  it^i  oiitt-r  portion  I'  ■  •*« 

BO  that  the  eye  can  have  a  iltreci  vtcv  of  the  horizon  or 


L  !...■—       ,. 
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The  mirror,  A,  i»  turneti,  by  the  arm   AF.  until  \\\v  niys  of  ar-^    '  "^ 
as  the  sun,  nioim,  or  a  star,  are  tn'ico  a-flt-c-ti'd,  <inil  mi  ditv^i    . 
rye;  wht^n  they  will  c^itncide  witli   thr  ray«  of  the  horixoa  or  rtte 
ubjvQt,  II.  seen  by  direct  nsion,  and  from  which  i\\v  angttlar  dtt 
of  th«  dIut  is  to  be  mcamircd.    The  augulur  distance  of  the  ol 
ibovn  by  tbo  position  of  die  iudcx-anu  ou  thu  gnuluatcd  arc 
telewopc,  T,  14  to  faciUtjAv  aoourate  ubtervation. 


a<flBetioB  at  Oumd  anrftwna. 

tSiil.  Figure  13.— Convex  spherical  mirrors  Uli 

by  plsm.e  mirrors.  -A  (\mim-ii.  mirnir  way  be  oiHuidured  u  nui 
i)|iiifan  iiidrlluiti;  jitimburuf  inllntU-ly  Mnall  plaiti*  mirrors,     tf  B 
Lvo  of  Wxviv  email  planr  mirror*,  which,  lakfit  ti^tht-r,  rvprM|d 
jHirtiun  of  a  cuuvtrx  mirror,  thr  ctTvvlii  of  i-unvi^x  mirruri,  iu  oh^| 
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^^t-  dire>ntioii  of  tlie  rays  of  lipht  which  P>«  i  '•'^■ 

^l  Qiwn   them,  will  be  easily  undtr- 
itood. 
LbI  the  two  aiTows,  F,  be  paralU-l 

nyi;  the  one  on  the  right  fallinj;  upon 

th*  mirror  on  tho  right,  while  the  othor 

ftj  blls  npoii  tlif  mirror  on  thu  IrfL, 

N'ovr,  08  the  iuigle£  of  incidence  uud 

reScction  are  ec|ual  in  bolh  catit;s,  llu- 

tMj%  tn«r  reflectiuo  cauiiol  be  parallel, 

tint  divergent    The  d^rw  of  diverg- 

euw  rill  d(-|>end  npon  the  angle  formed 

fcy  tbe  two  niirrori*.  or  upon  the  amount  of  cnrvjiture  of  the  mirror. 

Htinoe,  paraltfi  ra^»,/ftllingon  a  wrivx  tnirror,arc  refiecteddu'ergent ; 

^upertfi'nif  ratjs  are  re/tecied  lens  eonvwgent  or  paraUel ;  and  diverging 

^i^j*  are  rcmlPTeU  more  dimrgent. 

*ifiS.  Figure  14.— Convex  spherical  mirrors.— Let  A  be 

'oe   uptiiiU  centre  of  the  mirror.    Tbe  my  'i  is  |)erpendicular  to  tha 

*urra«je  of  the  niirrttr,  and, 

'''   ttjntinned,  woold   pass 

ihniiigh    tbe  centre,    A. 

'*> is    Mac    ta    calU-il    the 

P''»HrijMtl  axis  of  the  mir- 

^*^-     The  two  mja.  1  and 

^*    bviiig   liarallel  to  thio, 

tbe    three  rays  would   fall 

"t*  a  plant;  mirror  in  a  pi-r- 

I***nilicular  direction,  and 

*>f    riiflect^d  in  the  dirt-e- 

*^*ou    of    their    incidence 

■^^it,  owing  to  the  obliqui- 
ty of  the  convex  surface, 

l*IiL'     parallel  rays  I  and  3 

'^ill  be  reflected  divergent 
(■«  ahown  by  the  last  diagram).  Draw  the  dotted  lines,  U  and  T.  per- 
IVnilimlnr  to  the  reflecting  surface,  and  they  will,  if  continuttl.  t'iu*s 
*brou^  tlie  centre  A.  The  ray  1  will  be  reflected  to  E,  in  such  a 
uirei-tion  that  the  angle  of  reflection,  between  E  and  11.  will  equni  the 
Mglfof  incidence,  between  1  and  H;  and  wi  with  the  niv3.  If  E  and 
r  \w  rontiuued.  us  shown  by  the  dotted  lirietJ,  they  will  meat  behind 
the  mirror  at  V.  Henoe,  since  the  imiige  is)  always  seen  in  the  direc- 
*'<>n  of  the  reflected  ray,  an  object  placed  at  1  and  3  wonld  be  Been 
*  V,  <ir  respet'tively  in  the  directions  of  E  and  P. 
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The  |M>inl,  V,  is  tht" pfinctpal /oeun  of  ibe  mirror,  and,  for  luirnlM  nf%. 
is  sitimlcil  L'tpiiilly  (ii^tant  trum  the  mirror  und  iu  gimmft  Tf, 

A ;  and,  bc-iiij;  >h>hinil  the  mirror,  i^  oiilli-d  the  prineipat  r  >i. 

Converging  ruVB  would  souni  to  niM-t  iit  a  point  botwucn  : .  ,>il 

ftK-uH  ami  the  mirror;  and  divcrtjing  mjs.  ut  ii  (loim  bvtvorai  Uvs  pru- 
cipul  fuoufi  ami  the  goomctricul  centre,  X. 

tf^'.i.  The  apparent  size  of  an  object,  fva  bydtnict    ,-  ' 
df)M-tid:j  u[»m  tin*  niit^nlLiidi-  ol'  iIr-  aiij;!*'  funni'd  at  Ihe  vye  Kjr  (!]■  ""■ 
ofliglil.  oimiing  from  th*;  extreme  Imrdi'rs  t>f  the  fibjt«ct ;  tli 
Cuiii>e,  lU  h'flftitiou  or  KfVaotioD,  which  ehangei  tht.*  dirt-t:.~  . 
niva  hy  which  un  ohjc-ct  ta  seen,  do  nd  1o  enlnrgi.'  or  diminifth  ilii- 
at  thr  )M>iiii  wjifn-  it  nit^-ta  iJii*  fyi>.  wilt  rt'iidtT  tint  npiiamit  riift^  uflM 
uhjfcl  larger  <*r  smiitliT  thuo  the  objeut  ji|ip('»r«  hy  diruct  Tisiirrt. 

fiS4-  FiBT^ire  16.— Formation  of  Images  by  convex  rr> 

floctors.     /nullify  J'jrmed  by  rvHVf^  refitciorit  are  aluiaya  tmi  m' 
eiriuat,  and  smalhr  than  the  ubjcct, 

Fio.  !5. 


Lot  AB  \k>  iIil'  ohjc^t^mnd  LT  w{ll  Ix*  tho  imatic  which,  m  r«^ 
Slated.  i«  «rect.  virtual,  sod  cinallvr  tlian  th^  object.    Tbt 
rnya  fntm  the  (•xlrirniih^  uf  the  nbJK;t  fall   ij[m>d  thv   "-' 
n'flivtod.  /rjtt  rour^r^Hi,  hack  to  the  ejv ;  and,  oc  Ibi*  *V 

thtue  reflceted  ruy«,  it  will  appear  to  be  amalltr  Ibaa  it  «  '' 

hj  the  Mime  nn  beron?  n-tlrction  (383) ;  which  ti  diowo  b^  j. ....:._ „.i)( 
Ibe  rv0tct«d  biie«  brhiad  tbo  mirror.  aniU  ihey  meei  tii«  tvii  loo^ 
hrok*  :    Ii..  ubjn-l  ta  the  iMtiln-,<l- 

Mtl  1 
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)S/).  Ima^s  formed  by  convex  mirrors  are  larg:er 
^e  nearer  the  object  approaches  the  mirror,  and  vice 
^W»a  (Fig.  15). — Let  the  object,  Ali.  be  removed  Uiwiird  tlie  mirror 
fciltic  puaition  of  the  dottwl  arrow,  and  the  reflected  rays,  rejipeacnted 
h;  the  dotted  tines,  will  Turm  a  tur^'er  augle  nt  lUe  eye  than  when  the 
object  WOK  iiL  the  Tormer  ]iiiiiitt»ti,  which,  gf  coiinpo,  rendt^rg  tbe  image 
(wrrespondingly  larger,  as  shown  by  the  f,^   ,g 

dotted  prolouj^Liun  of  the  llrst  image, 
LT. 


S8G.  Fig:ure  16.— Concave  re- 
lectors  the  reverse  of  convex  re- 
tectors. — Tlie  BiirliRV  tA  tlK-  evmcjive 
■irrur.  like  that  of  the  convex,  Kig.  13 
'Si ),  may  be  considered  as  made  up  of 
^Ml]  ]i|»iie  niirrurs.  (Joiieuve  mirrors 
ndtr  parallel  rays  convergent,  iustcud 
■■li\ergeut:  and  convergent  rays  mort 
I  vergent,  instead  of  le«9 ;  and  divergent 
*B  /cxjf,  insteiui  nf  more  divei-gcnt;  as 
'stratwl  by  Ou-  jiurallel  niys,  N,  being  reflecud  e-inv-rgent.  by  nu-iiHs 
^He  Ivo  small  plane  mlrrorM,  M,  set  at  oo  angle  with  «u-h  other,  to 
*ir%eent  a  portion  of  a  concave  mirror. 


I 
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^S7.  FigTire  17.— Formation  of  images  by  concave  re- 
3rs. — In  this  diagram  the  otijfvt  iii  pliu-ii!   Iii'twtvn  the  mirror 


oPTica. 

he  centre  of  the  mirror  is  at  0,  aod  the  prin- 
D  dot  Ijetweeu  lUe  eye  and  eyebrow. 
;  and  the  couvergiiig  mys  AT  and  DL  will  br 
e  mure  cvuvergent ;  thus  eolHrging  the  nugte] 
L  image  in  6e«Q  at  KIT.  in  Uie  direction  i>r  thu 
iDwiiig  tliflt^  wh«ii  tlio  objtct  ia  between  \\w 
cua,  the  image  ia  ereett  virttutl^  and  htiyrr  than 


Lei 


—Foci  of  concave  mirrors  for  parallel 
ym, — hirullel  rays  lalliug  unw  the  axtf>  uf 
fvncjive  niim>r  uunvergv,  after 
llectiuu.   to    a    puiut    i.-<]^uidtstati 
lieiween  the  mirmr  and  the  wni 
uf  tbf  8plicre,  or  ahicb  ihv  minvr 
turma  a  part. 

!n  the  diagram.  T  r  th 

r^uire  and  F  the  pru.  j^ .-u 

The  central  Uue  paining  tlinmg 
tilt.'  centrv  ami   rt>ctis   is  Ihc  »xi. 
The  dotted  line*  from  thr  orol 
lo  the  mirror  ore  perpendicQlar  tu 
tlie  mirror. 

Rays  emanating  Awn  the  priti> 
cipal  focua,  P|  will  be  n-fltv 
jiarullel   to  the  axis  and  to  mo, 
other;  oud,  (HiiiverMly,  raja 
ection,  will  meet  at  the  prineipal  foous,  F. 

and  virtual  focuB  (Fig.  18). — If  the  mdian 
pnnci]>al  ff>eua,  F.  toumrd  the  mirror,  aa  to 
id  H.  will  diverge,  as  though  emauating  from 
tor  calK'd    llio   virhtnl  focttK :  and  conrcrgtn 
ng  tiiton  the  mirror,  will  b«  r<^6ccted  to  «um 
■or  and  the  principal  fociw,  aa  ut  /. 
rm  eqnal  angles  a'ith  the  dottad  or  porpeikdtoitlar 
ing.  resiieiHirely.  the  angles  of  incideno«-  and 
whioli  way  tho  ray  proceeds.     In  the  ftamtf  waj 
eir  refleob»d  rays,  to  F,  Ibrm  equal  anglen  wit 
■in. 


1 


Foci  of  concave  mirrors  for  divergent 

ight  cmunatv  from  some  point  of  th«  axis.  a« 
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\^'A  infiaitely  dJrtant  from  the  mirror,  they  will  be  bronght  to  a  focus, 
[*fter  reflectiou,  at  some  point  of  the  nxis  between  the  principal  tboos 
tad  the  «ntrc  of  the  mirror.    The  candle  on  the  right  is  at  tlw  |ihn- 
cipij  focus,  the  one  in  the  middle,  at  the  ceutre  of  the  mirror. 


Fro.  19. 


I 

The  point.  A,  aud  the  point  wlu-rv  itn  rt-flt-cifd  rays  me*!t  the  oxist 
^^  Called  the  eonjnyate  fuci.  Conjugate  foci,  therefore,  are  any  two 
points  BO  related  that  a  pencil  of  light,  emanating  f^m  cither  one.,  is 
^njngiit  to  a  focus  at  the  other.  The  one  &om  which  the  light 
*ni4t)at«s,  as  A,  is  called  tbo  radiant. 

As  Ute  dotted  line*,  crosaiug  at  the  centre  of  curvature,  are  perpen- 
•iicuUr  to  the  mirror,  if  th«  radiant.  A,  be  moved  toward  the  centre  of 
currature,  it-s  conjugate  frx-ns  or  reflected  rays  will  also  approach  (iic 
CtDtrv;  othenrisB  the  angles  of  ineiilence  and  n-llection  would  not  lie 
v^janl:  and  when  the  nidiant  re-aclu-s  the  centre,  the  conjugate  foci 
jtilJ  jnwt,  and  the  iut-ideiii  ra_y9  will  be  jwriieiiditrular  to  the  mirror 
Fud  be  reflected  back  to  the  centre  from  whuuce  they  came. 
Some  of  the  properties  of  coujugau?  foci  are  as  follows : 

1.  If  the  radiant  approaches  the  mirror,  the  focus  re'Cedes  from  it. 

2.  If  thi-  radiant,  is  beyonii  the  centre,  the  focus  is  Iwtwecn  the  centre 
id  priii(.-i|)al  foctis, 

3.  If  the  radiant  ia  at  the  centre,  th»  focus  \%  also  at  the  oenLra 

4.  If  the  nidiiint  is  between  the  centre  and  principal  focus,  the  focus 
beyond  the  centre. 
1^  If  the  radiant  is  at  the  principal  focns,  the  focua  is  at  an  infinite 

(gtanoe  ;  that  is.  the  reflected  rays  aw  parallel, 
ft.  If  the  nidiiirit  iti  between  the  principal  focus  and  the  mirror,  as  at. 
fj  Fig.  18  (388),  the  raya  are  n-tlcrri'd  so  as  lo  diverge,  and  on  being 
produced  backward  meet  at  a  point  behind  the  mirror,  which  will  be 
the  fncuu.  and  which  is  willed  Ihe  virtual  focus. 
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S90.  Secondary  axes. — Oblique  pencils.— If  the  ntdisacA 
(Fig.  19).  is  nut  liittiat^  in  the  priiiRijhiil  axlt^  but  at  any  poiut  t)«ar il, 
a  line  drawn  from  Ike  radinnt  tlirougli  the  centre  of  curv&lon  wiD 
conatitiite  a  HcoHdary  arit,  and  the  focus  of  tbe  oblique  pencil  of  up 

divi-rgiiig  from  thi^  niilirtiit  will  be  fouuii  in  tbia  secondarj  axis;  mi 
the  radiittit  and  focus  will  poascss  propeiti«8  entirely  analogous  to  thwe 
above  explained  (389). 

391.  Figure  20.— Spherical  aberration  of  reflectors.- 
Caustics.— It  would  apiwar,  fKuii  what  has  been  aaid,  that  «.ue*w 

and  convex  spherical  mirrara  re* 
tieot  rays  to  single  points  called 
foci,  but  this  is  not  strictly  Uk 
ouBc,  only  for  rays  falling  m-ur  tbe 
Vertex  or  centi*e  of  tbe  mirror. 

Let  TL  be  the  axis;   F,  ilie 
principal  focng;  and  the  seveni 
parallel   tines,  rays  of  light.    It 
will  l>e  Been  that  the  axial  n^  ii 
r«llt;ct«d    back    Upon    itself,  t^ 
angle  of  incidence  and  reflwtioii 
being  nothing;  while  the  ray  not 
iilKJve  is  refl(?cted  l>«ck,  Beuiihlj. 
to  the  principal  foona,  forming » 
flight  angle  of  incidenoe  ant)  n- 
flection;  hut,  as  the  distance  fhini  the  vcrtox  increases,  tlie  angluot 
incidence  and  reflection  increadL'  in  Hize.  and  the  reflected  rays  ttensibl; 
depart  from  the  principal  focus:  so  that  the  outer  ray,  H,  will  bet«> 
flccled  to  L.    This  scath-ring  of  the  rejected  rajA  akmg  tJte  axis,  frocn 
the  principal  focus  toward  the  mirror,  is  called  /tpheriatf  abfrmiion  fty 
rfflrdiim;  and  the  brilliant  surface  fornn-d  in  ejuioc  by  the  croeiingor 
the  reflected  rays,  two  hy  two,  is  called  a  mustte. 

The  want  of  cleaniess  or  distinctness  in   the  image,  canwed  bjf  this 
abiTmtiun,  makes  it  necesfary  to  construct  concave  and  convex 
in  the  form  of  paraboloid  surfaces  (392). 


S9S.  Figoire  21.— Paraboloid  reflectors.— The  nature  of  a 
parabolic  curve  is  aiieh  that  rays  jtarallel  to  it*  axis  will  be  reflected  to 
a  flingli-  ]ioint,  railed  the/ocw*.  I-et  F  be  the  focus,  and  the  lines  FX 
and  TTN  will  fnrm  equal  angles  with  the  mirror,  and  the  line^NH,  will 
btr  parallel  to  the  axis ;  and  this  is  true  of  each  of  the  other  mys  drawn 
fVom  the  focuB.  And,  converstOy,  all  rays  parallel  to  the  axis,  LP,  will 
bo  reflectLMl  exactly  to  the  focus,  K.   Or,  if  a  line  be  drawn  iherpeudicular 
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lointof  th«  reflect-  Fic.  31. 

iK,  the  angle  of  in- 
,  1I\L>  will  equal 

l^le    of    refiectiuu, 

c  Uti(^8  parallel  to 
■  be  intersected  L; 
(^rpc-iidicular  tu  the 
en  each  of  the  par- 
BS  plus  its  reflect«^ 
IIX  p!u«NK.  will 
tuch   of  the   other 

lines  plus  its  re- 
Une. 
mUo  reflectors  are  employed  in  reflpctiug  ttilcscnpeii,  and  on 

looomotJTes,  Tor  illumimiting  the  track  at  night,  etc. 

.  Figure  82.  —Formation  of  images  by  concave  mir- 
-hen  the  object  is  beyond  the  centre  of  curvatiire.— 

.■  thv  wiitri^  (>r  curvaturi:  mid  K  vlit-  priucii*al  focus.    Th«  lines 
Hi,  drawn  from   the  t^xtremltied  pf  the  ubject  through  the 

V  Fio.  99. 


)f  the  mirror,  arc  thp  Birnndary  axea  (390),  tti  which  Ihe  ex- 
fl  of  the  image.  T,  will  he  formed,  at  u  distanre  fmm  thr  mirror 
I  the  conjugate  foci  f.^SO)  for  the  t'xtifme  points  of  the  object. 
image  is  rei/,  ituvrtc/J,  umaller  than  the  nhjfct.,  nnd  plareil  be- 
\t  etntre  of  cunmture  ami  ih>'  pnitripnl  fttnn: 
imaijp  will  he  very  hrighl.  a^  all  the  light  incident  upon  the 
arill  be  gatlieri>d  into  ii  .itnall  8)iuce. 
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As  t1ie  object  npproacbca  the  mirror,  \St\c  isMgo  rcwdes  from  it  aul 
appr<Mir)ii'A  the  centrr,  I,  in  t)ip  tame  maonor  as  iIo  tht-  cdhJii^U'  fnet 
Therefore,  vbeii  the  object  ia  at  1.  or  the  centrt.'^  the  image  will  Lkm 
brge  as  the  objwL  VHien  it  is  at  any  |H>int  betwtttii  the  uentRaad 
tbi*  princi|»(il  fooiis,  F.  it  «ill  be  ivfli-cUnl,  cnljirp-il,  imJ  mow  ililtBal 
rruiu  tbemirrur  fhati  il»*fir  (387);  auil  wb«u  itarnvcsnt  F,  tJif  tuuic«be> 
comoe  infinite,  the  rave  being  reflected  parallel  (soc  Uoujagato  Poci,S68). 

DinPTBICS.    Ul{    KEFBACTIOK    ur    btOflT. 

S94-  rig:ure  33.— Deflnltlona.— Th*-  diagrnm  rfpnesonM  a  dlA 

Bfled  with  wal^r.    lU-fraction  is  the  dcTiaiioii  or  bending  which  ■  ni^ 

Pio.  S8.  ^^  W^^t   tindcrgoeti   in   pajsiRC 

obliciut-'Iy  from  one  mvdtiim  ialn 

luiriiherp  aa  FLT. 

Thtft  ray,   FL,  before  reftao- 
tioii,  U  uallt-J  the  n  •<■ 

The  putnt   L,  Ht  ;|i» 

ray  in  (leriatinl  i>r  bent,  ii  raUri 
the  pvinl  vf  incidttci. 

The  ray,  LT.  aflwr  drvJatiini, 
l8  rnllcd  ihe  rufraetrd  rttjf. 

The  angle  formed  by  th«  in- 
fidt-ni  nty.  FI*.  and  the  wtttiI. 
LN,  at  thn  puint  of  in 
!rt  ie  fhr  aifplf  of  i»i  )■'  " 

the  plane  FLNoftl,         .      ^ 
plaHe  of  inriiienft. 
The  angle  Icrimd  bv  lb''  rvfnuteil  niy,  LT,  and  the  normal.atflrt 
|wiiit  of  incideuw.  I*,  ie  fhr  (tnijk  o/  tt/raction  ;  and  llie  plane  of  ih** 
angle,  thf  plant  of  re/rtich'on. 

\m  a  portion  of  the  incident  ray,  FK  ia  reflectt^d  by  the  iFurfaM  irf  tt»* 
water,  let  IjE  be  the  rrfieclHl  ray  ;  then  tlie  angle  K^LK  ik  fhe  amyU  li/ 
rflrrlion. 

m>flcribe  tlm  dotted  oimle.  of  any  ounveniuiit  «iae.  from  IImi  f*-"!!'  "f 
incidence,  li,  and  draw  the  line  U.  from  the  intvraection  nf  tl< 
and  incident  ray.  «o  it  will  fall  perpend icniar  to  the  normal  XI.;  wj-* 
aUi>  the  line  T,  perjK'ndieiilar  to  the  humial. 

The  line,  H,  U  Ike  niw  ttf  the  atufle  of  itici^tux  :  and  the  line  T,  rt# 
Bint  of  thp  att^lf  »f  rrfr/irlifrn  ;  und  H  dirlded  In  "'  ' '     ibf 

aune  furanygiTrn  inedinm,  whether  the  angle  of  lu  -iil 

or  dimiuished. 

The  i|auLicnt  obtained  by  dividing  U  by  T  It  MUtd  Uw  tnurj  •" 
nffrtictiwih 


'^1 


owjim 


inilex  of  rpfracKoo  varird  with  different  mnliA.  For  light  puiwiiig 
Til  air  inU)  wai<^r,  it  is  ahoiit  } :  from  nir  iuto  gluK,  f ;  fn>m  air  inut 
iU>A>s»ond,  |.  Thi^M  fmoiioiia  inveri«tl  will,  ofcuitriR'.  t'xpnsH  the  indcK 
fjlT  ^nfnuition  for  light  itasgiiig  tfut  ot  water,  glasx,  and  diumond,  tutu  sir. 

«3.9'5.  Laws  of  reftuctiou.— I.   mie/i  lujhtpasatis  from  a  rare  lo 

n  ^W-»nier  mtdlum^  it  is  re/rncteii  htranl  tkf  perpendicular  or  Hornuil ; 
tOff  fJ-  <■'"!  rerxettf,  whrn  it  jmssrji  /roin  a  tlni^e  to  a  rarer  mcdiam,  it  in 
^fcrVflc/f rf  frmn  the  perpenfiicutar  or  normal. 
^■Si.   Thf  planes  of  incidence  and  re/rarlton  coirtcide,  hoik  beinij  iinrnial 

in    fJte  utirfacfi  nepttrattng  the  media  at  th«  point  of  incidence. 
^H.13.   The  i^iae  of  the  angle  of  incidence  bears  a  constant   ratio,  in  the 
W^fmw^M  medium,  ta  the  fine  of  the  angle  of  refraciion. 

I  ^96.  The  cause  of  refraction  is  a  change  in  the  plasticity  of 
I  lh«:-  ether  in  {lasaiug  Trom  uue  medium  '\n\a  i\\v  uthcr,  which  uaiitKit  a 
cU*a.jij(»'  ill  the  Telocity  of  the  ray.  The  density  and  L'histitMty  of  ctluT 
in  water  are  dilTerfnt  frum  what  Ihey  btd  in  the  utroosphun-,  so  that 
ligl»l  trareli  raei«r  in  the  latter  mwlium  thau  in  the  forraer,  which 
ni«it»>R  tht*  ray.  on  ]>a8sing  from  air  iato  water,  to  twiid  toward  the  Dor- 
ilfcl  at  the-  point  of  incidence. 
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'997.  Fimu'e  M.— Befraction  by  parallel  strata  of  differ- 
ea.'fe  media. — If  a  raj  of  liglit  ptusc^s  tlironffh  oni-,  iw<>.  r)r  ^-vi-nd 
plii-t**  of  dense  modia.  all  y,..   *,'i 

the  ivfnwrl-ing  aurfa(v«  Ih:- 
>iiS  parallcJ  plants,  thiv 
♦^'  I    ray   is    iwrHlIel 

l"      -      ajcident  ray. 

I-Mot  EVW  be  three  nie- 
of  greater  deiiBity 
>fa&it  air,  and  tin.'  Hevond 
Birtix*  dense  than  the  fimt. 
1  the  third  more  dense 
»«  the  seconiL  A  ray 
"f  light  from  the  candle, 
'"'•■clvnt  at  the  foot  of  the 
I'^'tx.'iidiciilar,  N,  will  be 
*'f^r:^k«tcd  at  tho  upjier  snr- 
^'^   «r  K;  and  at  the  Dppor  fiurfa<v  of  V  it  will  W  again  p-frtcti-d, 

I*  mt  the  upper  mrface  nf  W  it  will  be  diill  further  refracted  ;  but  on 
*'  .-  into  the  air  at  K,  il  will  1m*  |Mir»)lel  l/>  thi>  incident  ray,  and. 

'*  VL%  the  candle  will  appntr  to  be  isiiiutcd  at  the  extremity  of 

dotted  Uiie  below  Ihf  objeoi. 


■I'M 


Optica. 


Km.  25 


r398.  FigOLre  26.— Kef^action  and  inUmal  r«fleotlon.- 
Double  reflection  of  mirrors.— Wlifu  light  I'allii  uhi 

a  trtDBpureut  ui'.^ «  - 

plnie  of  gtsM,  it  will  be  di- 
vidc-il  in  varioDB  varii    Ls4 
ilic  light    rVura   tilt:  ouxllt 
fall  uiKin  thi*  pUlo  of  glu, 
F,  III  the  fool  of  ilir  c 
N.     At  this  p^.iint  d  ; 
will  be  obmrbf^l  iwid  ■■ 
jtortioii  digpfTMii  (3'  i 
at  ill  anotbiT  portion  ••■ 
rejUcifd  in  th«  dir»Ttii:ii .'  '- 
ntul  Uic  bulancT-  vill  6r  ;»• 
fruclcii  tu  E,  OD  the  Hppwi' 
ifurfacf  of  thv  gliwi. 
point  it  \i  farUur  ti-.^^-- 
A  part  fmt-'rgtw  iuUi  Oieur 
uml  is  aguiii  nTniolcd,  piimllcl  to  thv  tunidcDt  rav;  luid  thi;  Imliooeii 
rt^flpct^-d  Irnck  to  L,  which  ib  ujEtain  dividt^,  n  |K>rtiuii  Linorgioit  ia*" 
the  air  and  pnuinji;  to  3,  panillcl  Lo  the  Hnit  rullvcltH]  rmy.  1,  aud  Ur 
kilanoo  i^  n*fleoted  buck  jiarnlli'l  to  the  Brat  n'fniclt-d  ray,  and  MOo; 
nnril,  h_v  ahw^rptiun  and  eoiiTgL-nce,  the  light  is  lost. 

In  gpneral,  only  the  niy»  I.  EA,  and  t,  hare  «iittident  int/vsin  i* 
be  Tiaihie  to  the  nakod  pre.  If  the  lower  faci^  of  tlie  gla«  platv  via 
dlnntl,  iliat  \a,  if  tho  plate  were  n  mirror,  most  of  the  light  would  bt 
reflected  by  the  eitven-d  aide,  and  pass  in  the  dirvction  of  the  tin*  %, 
which  wunid  fovc  the  principal  image  of  tbu  object ;  and  a  faiot  inu|n 

of  thi*  object  would  be 
formtd  bv  tlie  6rft  rHbc- 
tion.  (ind  (m*  aeon  in  tlh 
dinTtiun  of  the  line  L 


.3^9.  Figure  36.— 
Rafraotion  and  total 
refleotion.  -  ''  jht 

I>aM*r«  from  A    -■  ^1  Ik 

rnrv-r   modinoif  Uie  ancle 
uf    !■  i"  in    grr«trr 

limu  .  i  :ii'   -if   jno^ 

dencc(3V5),a 
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cfi  lv<«.  For  wakr,  it  la  Ift"  35',  for  ordinary  glaaa  it  is  41°  4ii'; 
i]iifQt1y,  vhen  Tbp  luigle  of  inridi'iKx*.  in  ilic  rase  of  waur,  i>xcec>il8 

''Ab't  n-fnuaioii  cttiiUDt  occur,  uitd  ilu-  li^ht  will  be  toiulty  rellected. 
'  l^it  till!  din^rum  represent  a  glitsa  globe  liair-full  of  water.  A  ray  of 
ig^ht  iNuaiiig  rrom  1  to  L,  Wiiig  nonuul  to  llie  surface  of  the  gluW, 
,,)jJBer8  no  n,-fnicttou  tUere,  but  coniiiig  to  thv  $ur{iux  of  the  wai^r  At  L, 

tn:fnittt-(l  away  frum  t\\v  uormal,  XV.  to  ttic  eye  nt  A  (395).    The 
l*f  of  iucidwncf.  ILV.  being  less  tb«u  48'  35',  the  angle  of  rffiectioii, 
iXJi,  will  lie  greater  ttmn  4^"  Z5\  but  k-ss  thiu  00''.  lu  «httirn  by  tlie 
inv  II,  iK'ing  lw«  than  iliu  radius  LA.    But  a  niy  frnm  i\w  caudlu,  3, 
rorniitig  a  i/rmtrr  aiiglt*  of  inciik'ntv  tliau  48"  3.i',  wuuld  uot  enu-rpe 
Frott)  thu  watar.  othi*rwijie  tlio  eiue  of  ita  augU*  of  tvrmction  would  Im* 
Diaii   tliu  radius,  LA,  wliich  is  inipoiifibft- ;  therafun.'  tlie  ray 
irill  In*  wliully  rvllfctv*!  by  tlit-  siirlWe  uf  the  walt-r.  and  \mAi  to 
><&  eye  T.  funmu);  an  augle  of  ivUuutiuu,  TLV,  ix|ual  to  tbr  tuiglu  of 
leidi'iicc,  SLV. 
Snpposo  thi*  ray,  between  tlie  ravig  1  and  2,  to  form  an  angle  of  inui- 
Ivrtre  (if  jiiat  4A'^  35',  lliun  ibe  angle  of  refraction  would  be  M)^*  and 
to  rffnu-ted  ray  vrould  fall  on  tbe  siirfaue  uf  tlie  water,  and  the  eine 
**"  Uio  anjjie  of  n.'l>aeliun  wuuld  etjual  Llie  rodiua  of  the  ylobe, 

'X'hi«  kind  of  n-tleclion.  at  the  surface  which  Aeparale«  two  meiiia,  is 
*Jifcilod  iHtrmal  rtjttfiurti,  or  tolal  refieetioa, 

T\\\»  ia  the  only  way  in  which  total  reflection  occurs,  however  smooth 
•"^flrcting  slirt'aee^  may  he  made. 

1 1  ix  imjiuKsible  to  see  the  bottom  of  u  pond  of  water  when  looked  at 
olilii|nely,  beeanae  the  raya  return,  by  totu)  reflection,  to  the  water, 

>-*%iBt«ad  orenuTging  into  the  air. 

Fio.  «7. 

^00.  Figure  27. 

— Sffeota  of  refrac- 

'^ion  on  the  rising 

a>z&d  settins  of  the 

heavenly    bodies. 

— ' — Suppose  the  dotted 

^Siif?,  in   tlir  diagram. 

to    ri^pivjtnt  the  hoi-i- 

*on  ;  the  several  cir- 

•^I^'bIt  lilt-  stmoHiiIien>; 

*»i^    F,  the  sun  in  its 

I'dittxX  ptwitiou.      The 

y»»y«»  "f  the  aim  ent«r- 

'***r  *ii' atmosphere  in 

■tru-i^ht  hue*,  become  more  and   mon-  refrai'leil,  until  thev  ri-acti  Ibe 


h^ 
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rjc  ill  thi'  horizon.  Kow,  m  tht  afiparent  position  of  an  objevt  lit*  ii 
tho  direction  in  whlcti  the  light  from  it  \m»».s  at  the  |ioint  whoc  it 
i'huts  llie  t've,  the  sun  «-ill  bi»  seen  nii  thi.'  dotted  line  of  Ihe  haram 
when  it  ie  arUudiy  at  K,  Mow  it,  Henw,  liitiveiily  iKKliu*,  I»jf  \b* 
aiii'iuiit  of  this  rurriK'tiou,  riae  t'arlier  niid  isec  later  tbuu  tbe^  would 
were  there  no  atmosphere  aurrouiiding  the  eiirth. 

Tlie  criniJiun  ii|>p>:^;irance  of  the  tiohxon,  ut  sunwt  und  sunriie,  it 
owing  to  the  fuct  that  thu  red  rays  of  the  eun,  br-in;*  the  l<?Mt  raftwifi* 
btb.  aru  the  drai  to  nppeikr  in  the  morning  and  the  Laet  to  dinpfiatfat 
night. 

401.  Fi^iire  28.— Befraction  by  dense  media,  apnadi 

out  the  light.— When  a  ray  of  ordinary  daylight  or  euuUght  m  n« 

fracied  bv  a  deit*.-  tnuifpMviit 
iiiwliuin,  tlie  r«.*rractr-i  h^bl  ii 
not    i>jnfitii'il  Ui  M  it, 

but  it  is  ipKad  oiu  ,..,.-  -  ijic 
like  forni,  oe  tbpnsejitnl  lu  tW 
fijjnre. 

Ijet  8  bu  the  iooidfal  iiQ> 
and,  after  refraotion  b;  tlv 
priiini  L,  it  will  have  tht  Xam 
shywn  Iiy  (lie  «'***rid  liiw*  he- 
tweeu  V  and  R.  The  dUfcmfc 
[Hirtfl  of  the  rrfmoicd  {vodl 
show  ditTvront  colors;  lh»  ibok 
refi-act(;d  part,  V,  b^ing  violet,  and  tho  least  refVar4i<df  11.  being  nd. 
Till*  index  of  n-fhictiDn  for  any  one  color  n  aniform  for  an; 
UK-diuni,  but  the  indei  in  tbu  wmti  medium  varies  for  the  -. 
colored  light. 

401*.  Fiffure    28,- 
'■""'   -"  Mirage.— Minii'**    U 

aiim>3|t|uTic  it 

t-aiiA-d   by  ni.— - 

total    nrili-olion ;  and  Atr 

Is  tiffin  the  difTf'iva 

juatii  i^f  the   atmos]ihcr 
beiuK    nnwjually    heatcdi 


uoute  cnrvMl  In  Ihcir 

^a^t■  tij  Lbepyt-:  an-" 
linn-*   a   lav«*r    *>\ 
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pWre  next  the  earth  becomes  o  reflt-ctfir,  cansing  total  refleotioti  (399) 

ilvi  ut)tii(ue  ni)-8  faltitig  ii|k>ii  it;  which  will  cuiisc-  objfcU  tu  appear 

vcrtitl,  0$  if  reflected  from  water.     In  ihits  way  ixjrtions  of  the  earth, 

euiallj  ou  ile«jrt»,  Bppf>ar  to  the  trHvelkr  iw  lakes  aiiJ  putids.     To 

righten  the  illusiou,  tre**8  are  often  seen  reflected  from  these  apparent 

Bh«eu  of  water. 

Irt  the  didgrHin,  the  raj  of  light  passing  from  llie  top  of  the  tower 

bnrant  T,  ia  gradually  curvird  by  the  unequal  rt^fhictire  power  of  the 

jtfiltcicut  layers  of  unequidly  heiited  iKDiogphere.   the  lower  stratum 

.  1)eiiig  most  healed :  and  when  the  ray  reuelic-is  the  point  T,  its  obliquity, 

«r  angle  of  incidcDoe  on  the  stratum  of  air,  is  such  that  total  reflectioD 

likM  pUce ;  r&uaing  the  my  to  ht-  turned  in  ita  course  toward  the  eye : 

■id  the  ray  seeming  to  come  from  the  direction  in  which  it  is  passing 

•t  the  {loint  where  it  enters  the  eye,  will  give  the  object  the  appi^ar- 

uwe  of  iMting  inverted,  as  if  rcflected  by  water.     In  thta  case  both  the 

loter  and  its  image  are  seen. 

)S.  Flg'ure  30.— Looming  is  an  atmospheric  phenomenon 
liy  extrmmlinary  refraction,  by  which  objects,  on  (he  shores  of 
lakes  aod  seatt.  appear  to  be  thrown  up  higher  than  their  real  positions. 
Itia  iDoet  common  in  very  hot  and  very  cold  countries,  and  where  the 
Ma  and  land  arc  more  e<iually  tlivided.  It  is  dne  to  ditfcrenC  strata  uf 
tho  Atmosphere  being  unequally  heated.    The  lower  layers,  ia  this  case, 
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***&  the  coldest,  t-aii.^i-  tht;  rayn,  i^dniinf;  from  u  distant  ohjecU  to  be- 

****=  curved  Hjtivnrd  instead  of  downward  in  the  passage.    Alien  some 

«*atnm  of  the  air  acts  as  a  reflector,  as  jiri'viously  explained  (402),  the 

l«ot  will  not  only  be  elevated  but  inverted,  as  shown  tu  the  diagram. 
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By  looming,  ebips  huve  Iweu  m^ii  ot  no  great  a  dUtsnce  tbnt  the  c1l^ 
vutiin>  of  the  cHi'ili  woiiUt  n'mlcr  it  int]iu«<ible  for  them  to  Ih*  tmt  jur- 
ijally  ^>cii  bv  direi^t  viiiioii.  Hjr  tliitf  tnetin*  the  French  cowt,  (« 
aevrnil  Ittigiieg  in  length,  has  )>eei)  Apfn  at  llti«tingi,  in  Englanil.  HA; 
miloa  distant. 

404-  Figure  31.    The  depth  of  water  renderod  appv- 

enUy  lew  by  refraction.— TLiu  is  shu«  n  by  n  di<h  uf  m-i 
L-      .(.  II  iii«iv of  cuiii.     L«'(  i. 

piece  of  coin,  placed  Id  iIr 
tiotiiim  of  the  cmidY  illddt: 
iltt-ii  li-b  thii  nb»<-n-i-r  tukc 
fltii'li  a  itoeiiiun.  that  tltf  ni$ 
of  Ibu  vrsfifl  will  cui  off  hM 
vii>w  uf  the  eoiu.  By  lillitis 
t)i<>  (liah  witli  w»t«r  tb«<  cwk 
nill  ht>  brought  to  hiiiTtw. 
urid  have  the  it[)]wuninO(  ■/ 
tx-iitf;:  :iitiiuird  lit  T.  Ill  tlif 
ilirxtiiion  i>r  the  rvtmibd 
ni.VH. 
Ill  ihio  ua,v  ihv  l»uUum6.»f  rivt-rs.  pouds.  u(c-,  iwetu  to  bv  uearcr  th# 

Biirlace  of  the  water  than  thej  really  are;  aomciiiiiea  catuing  pcuptr  lo 

Tvnture  into  water  too  deep  Tor  their  safoty. 

It  is  bv  ri-rmction  that  oars,  eplli*.  etc.,  when  partly  planged  m 

wutvr,  seem  to  be  bunl  ot  the  durfiure  of  the  watvr. 


Primna  and  Leni— ■ 

40s.  Figure  32.— Prisma  and  Lenses.— Thov  arc  niiu^f 
madt^  of  gltisi,  luid  are  of  various  forms. 

Xprii'in  is  a  retracting  mefliinu,  Iwnntk-tl  by  thre*.'  or  mon-  (uaiudlt 
Lliree)  ptuue  facv«,  variously  iuoliued  to  eitch  other.  In  th<-  dingnaa. 
1  represents  a  section,  or  end-view,  of  a  triatujutar  prmti.  The  ao|fc 
formrd  by  the  two  ailjufvut  ?ncv$,  throu^^h  which  a  my  uf  light  imm* 
i«  calli'd  th«  rtfrndituj  amjh  uf  Ihe  prixtn. 

A  tfns  is  a  refraoling  medium,  usually  tftoM  or  cryital,  bounded  tn 
eurve*!  surfaces,  or  by  one  pliiiii'  mid  out-  curved  lurface. 

Lctuca  arc  bounded  by  gphericnl  eurfaciM,  or  by  one  «iihertoal  aoil 
on«  plane  surface. 

When  the  surfaa**  of  lcn«04  are  of  di(fert*nt  kind«,  they  an;  uauwd  ta 
reference  to  the  aide  on  whieh  the  lif^ht  flrat  fulU 
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M  glast.  Motion  8,  is  a  plate  of 
iTing  two  pUne  surfaces,  parallel 
>tber. 

sovenal  auctions.  3, 4,  S,  6,  7,  6,  0, 
rolved  around  the  gtraiglit  line 
Ihrougli  them,  they  would  m\e- 
scribe  the  aolid  luniieij  they  tav 
I  to  reprvseuL 

wre,  sUowu  in  section  'i,  bfts  all 
its  siirface  e(|iially  distant  trom  a 
»oint  within,  called  the  centre. 
6ie  convex  IwJt,  4,  is  bounded  hy 
rex  surfaces. 

hie  caHcare  lens.  5,  haa  two  con- 
fucea  opposite  to  e4ich  other. 
iio-convex  him,  G,  lias  ita  first  snr^ 
te  and  the  other  convex. 
ntt-concnve  lent,  7,  has  its  first  snr- 
te  and  the  other  concave. 
\i*cug,  8.  hiis  one  surface  convex 
other  concave,  the  concave  Bur- 
ig  the  least  carved. 
.eave-r^Hfex  lena,  9,  has  ita  first 
»ncave  and  the  other  convex,  the 
surface  being  the  most  curved. 
hroimitie  combination  consists  of 
tore  Icnaes  of  different  kinds  of 
constrncced  as  to  nenlTali^e  the 
dispersion  <438).    This  combina- 
>f  great  importance  in   the  con- 
i  of  optical  instruments. 
^iher  coHverffe  or  diverge  rays 
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argent  lenses  have  greater 
f  than  concavity,  and,  therefore, 
Eer  in  the  middle  than  at  their 
These  arc  3,  4,  6,  and  8. 


rgent  lenses  have  greater  pok- 
lan  convexity,  and.  therefore,  are 
in  the  middle  than  at  their  edges. 
re^6,  7,  and  9. 

15 
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4O6.  Figure  33.— Refraction  by  prianu.— /"mf/m^  /*«  4i- 

Jiion  vf  the  refme/ett  and  etHtrffeiU  ray*, — Ix't  llir  t ;  nl 

'ftftiK>lk>n  uf  a crowii-glftM  priem  whose  index  or  rernui. ,  -  •<  ■■•  ^: 

Mid  AUh.  ray  uf  light,  from   the  canclle,  Dulling  obliqutlj  nptta  Ui» 
pri«m  ut  L. 
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To  find  the  point  at  which  tho  ray  will  omcr^  from  the  prinn  on  iu 
oppoi^ite  fnce.  Krdt  ilniw  liit>  dotted  lint'.  UF.  Lhn>u|;h  thn  pohit  of  ift- 
ridi'ncc,  ]H.T[viiiliculfLr  to  llie  riuf  of  tho  |>rtfini.  nmt  ALK  will  br  iV 
angle  of  incidifDct*,  which  will  bo  (o  the  angle  of  ri'lractioQ  lu  1<A  i>  u 
1.  Now  erect  a  Hue,  which  (by  »ora«  scaU',  nay  iuvbi-t)  U  XA.  pen"'*- 
dicitlar  to  AL  at  a  point  when-  it  will  moel  BL;  ;'  I«^ 

Trom  L,  piwiug  through  the  poUit  whciv  thvif  1  .K 

erect  a  |)(>r[>eiidicnlar  line  equal  to  1.  at  n  point  vbi're  ft  will  urri  tb* 
ciivk-,  and  through  this  point  the  rc(Vaolod  rur.  LT.  muHt  jms^;  lur  IW 
|H-rpL'ndi(!n]ttr  to  AL  is  the  sine  or  thu  uugU-  of  incidrnt^r  uid  the  Ilr^ 
jiendiuuhu-  to  LF  is  the  sine  of  the  angle  of  rffraotion,  and  tbew*  *»  •■ 
each  other  m  1.6  is  to  1. 

If  it  werp  not  for  this  retmction.  which  hsii  tnmtHl  thf  mr  IDWW* 
the  perpi-ndicnhir  BF,  it  wutild  have  piiH»(>d  on  in  Ihv  dint'tuio  of  TB. 

By  a  liIcA  procc«ii.  TH  will  lu-  found  (o  be  llic  dm-ction  of  ibv  nf 
after  (.-mergenLv.  In  this  case,  oe  the  my  puews  fruni  a  donw  to  a  nfft 
nu-diiim,  it  will  be  tuni«l/rOM  the  perpendicular  TN  (SIM)  tuwanl  tie 
tiux  uf  the  pi'inu. 

Aa  tJte  eye  ilews  the  object  by  the  eniergetil  ray  it  will  teem  10  btiR 
K.  in  thi.-  direction  of  ST. 

By  slowly  turning  the  prism  backward  und  Ibrvanl  abont  itsuiik 
one  position  will  \w  found  where  ilien  ia  Lhu  leuitt  diatuutw  Itetvea  t^ 
nai  petition  of  the  ohji-ci,  u^  at  A.  nnd  \\a  nfij>orfni  1  .^atH 

Tllia  poaltivu  of  thr  pn»m  is  wlivn  the  rmrrgeut  my,  utea  ti» 
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iJt/  posBiblc  from  the  incident  ray  AL,  which  will  be  the  case  when 

kc    rtirnK^iiHl  ny.  LT.  h  {lunUlel  it>  ttie  Itaso  of  the  prism,     [n  thiB 

poeitiou  the  angles,  at  which  the  ray  entern  nnd  Wavci  the  prism,  will 

■ 


SfSeota  of  a  plane-glass. — For  the  pffects  of  a  plane-glass  upon 
an  tilslifiiu'  my  of  light,  see  FigR.  U  and  25  (39T-8). 


^07 ■  FigTire  34.— The  course  of  light  through  a  sphere 
of  grlaaa  or  spherical  lens. — Let  AB  i-vpivwnt  thrve  paratlvl  rays 
of  light  iuuiiieiit  u|K>a  Lhu  vruwu-glaes  spbericAl  lens,  repiveeiit^cl  by 
ihe  circle  the  mitlUW  ray  pawing  through  ita  centre,  L;  and  let  IITL 
be  a  |>cr])endicular  to  the  anrrace  at  T.     The  ray  AT,  on  entering  the 
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^iiB.  will  be  refiTJclfHl  toward  Ihe  ]KTi3eudicuIar.  From  the  point  T 
lescrilK  the  arcs,  a»  shown,  une  of  which  paaaes  tliroiigh  tlie  centre  of 
the  circle ;  then  draw  TF,  in  anch  u  direction  that  the  einc  of  the  angle 
4>r  tQcidencc-.  AT[I,  will  be  to  the  sine  of  the  angle  of  n-fractiori,  FTIj, 
idis  1.S  ia  to  1 ;  or,  OS  the  index  of  refraction  of  ercwu-gla^s  is  to  that  of 
ir. 
By  the  some  proce*3,  and  the  perpend iciilar,  LF,  the  direction  of  the 
lergent  ray  may  he  found:  which,  cuming  from  a  dense  to  a  lurer 
ledium,  will  be  turned  frotn  the  perpendicnbr  LK,  and  paw  to  the 
ey«>.  where  it  will  meet  the  ray,  It.  and  with  it  form  the  angle  under 
[which  the  eye  would  view  au  object,  wliode  real  position  and  magnitude 
liii  Alt,  but  whose  uppantit  niaguitude,  of  course,  would  be  much  larger. 
[The  central  ray.  being  normal  to  the  sphere,  posaes  through  it  without 
ideviutiuii. 

The  point  where  A  and  B  meet  ie  the/ocM*  for  parallel  rays. 

'\'cy  ttnd  the  distntice  of  the  focus  from  the  centre  of  the  lent,  diride 
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tlie  inilt'x  of  rcfraetiun,  of  the  matenal  of  which  Uip  lens  \»  nudc^  fa 
twico  its  t^iceu  above  1 — ^tho  nulins  of  the  lens  Mng  1. 

Action  of  CoQv«x  Lwiaw. 

408.  Fiffure  35.— DeOnitions.— Thu  c«Dtres  nf  th»  booikdin 
snHkoes  of  a  Ictis  arc  called  centrts  of  curvature  ;  thufi.  the  octitrv«« 

Fra.  35. 


cnrvature  of  the  aerunl  lenaes  in  thp  dtagnun.  am  ibe  otoitm  of  fh* 
two  circloa. 

Tlie  ffXM  of  the  lena  U  the  fltnught  Uue  drawn  thron^h  tin*  wntni 
of  ouTTatnre,  as  T*M,  for  the  Wns  n. 

In  higher  opticii,  it  ih  dMnoiiBrratod  ihat  ihore  i»  atwari  rmt-  poiiiu« 
the  axia  of  a  lens,  ench.  thiit  mvH  of  light,  piisaing  thrODgh  il,  »»  »"* 
deviated  by  the  lens.  This  point  is  called  the  optical  cnitre.  and  u*f 
much  u»;  in  the  construction  nf  images. 

If  Iho  ifmrfatTti  of  duublo  etmvex  and  double  ooncaTe  luniia  *" 
ctinally  cnrrcd.  Ilic  ojttical  ctnirt  is  on  the  axis,  midway  beiwMH  tk» 
two  8urr>ic-t-B.  a»  11 ;  and  auy  ray,  as  EF»  paasiug  thrmigh  it,  it  ao* 
devintt'd  by  ilie  lona 

To  find  a  normal  at  any  point  of  the  snrihco  of  a  Ions,  draw  a  liv 
throngh  Ibnt  point  to  the  ooiresponding  oentn*  of  onrrotunr ;  thoa,  iti* 
dotted  lines,  ^  uud  X,  arc  uumiats  U>  the  points  where  they  voter  lb* 
leus. 

Action  of  convex  lensea  on  U^ht  (Pig.  ilA).— A  ray  ■( 
lijjhl  falling  upon  one  surlace  of  a  donbk  convex  tens  is  r(i&Bct4<<l  'i>- 
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hti  nomuU ;  and,  putting  Uiroagb  the  leas,  is  again  inctdeat 
U|M»n  tlip  other  surracv,  nod  i«,  thertCore.  refracted  from  the  normii) : 
the  dt'viiition.  iu  buth  caises,  being  toward  tlic  tliicker  jwrlioo  of  the 
Ifiw.  which  if  analogous  to  tho  action  of  tJio  prum ;  soe  i-'ig.  38  (41 1). 
ThrKfure,  rare  of  tight,  as  W  and  A,  pBrollcI  to  tho  axis,  will  be  col- 
Ufted,  )iy  rcfniction,  to  a  single  pfiint,  falU-d  the  prtHcijial  fiKttg  ;  and 
itri  distauce  trum  ihe  Ions  is  culled  xht^  priacipdl  focal  dii^taHcf. 

If  the  lens  he  made  of  glati's,  whoao  index  of  n-ftaction  i£  1.5,  llitn 
t>ir  ]innciiia1  ftwus,  fi>r  double  convex  lenstf.  m  T  (Fig.  36),  18  the 
c<'iitrf-  uf  curvature.  Jleiice.  the  priucipul  fuciil  di«tiU3ce  ie  i.-^nal  to 
tht  mdiun  of  the  carvatitm. 

The  principal  fncun  fnr  plano-roitoKc  ItuMtn,  as  N.  ta  on  th«  axis  at  a 
point  in  thb  circle  of  which  the  convex  surtttcc  of  the  lens  forms  a  part. 
llencA  the  prinuiiMil  fncal  diHiniicu  ia  equal  to  twice  the  nidiuA  of  the 
cttrruiure,  aa  re}>n*iientt>d  iu  the  diagram. 

4OP.  Figure  3B.— Conjugate  Fod.— These  are  any  two  pointa 
in  tlu*  MiTi  of  11  Itufr,  Kti  ^itiiiiU'L   thai   a  pencil  of  light  frum  one  ia 

ingfat  tu  a  fuous  at  the  other.  Tho  radiant  is  Uie  one  from  which  the 
ight  pruoifda. 

Let  tbe  two  whitfr  dots  be  the  principal  foci  of  the  leoa,  tlud  is,  fw 
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Id  rftvft.      If  the  raiJiant.   L,  be  situated   beyond  the  principal 

ad  ii  ta,  the  ditiTging  raya  will  be  brought  lo  a  point  at  the  eye, 

lewhen  beyond  the  principal  focason  the  right    These  iwopoint*. 

•.  arf  ix)njngate  foci ;  and  it  matters  not  npon  which  side 

iio  mdinnt  i(<  placed. 

If  tlto  radiant  be  placed  at  tmre  the  dUittnra  at  tho  principal  foctu 

)in  thi  '  -iding  foeuK  will  bi- equally  diataiii  from  the 

Mia;  or,  ,  ■  ■■  \\  the  e<Mijiigut<>  foci  will  be  H|milly  distant 

)m  the  lenc  '\$  whnn  either  of  thcin  is  doable  the  distance  of  the 

rinotpol  focus. 

If  Ibi-  ra<liant  ia  at  an  infinite  distance  the  rave  atv  parallel ;  in 
rhivh  oacr  th«  mnvipondiag  focus  vill  coincide  with  the  priuoipol 
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410.    Figure   37.— Conjugate    foci,  oontinoed. — As  th« 

nuliaiit  appruuchen  the  principal  fuciiB  on  its  side  of  tbo   Xaaa,  the 
Gornnipoiiiliag  focus  will  recede  from  the  principal  Tootu  ou  the  opposite 
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side,  va  shown;  and  wlit-n  the  radimiL,  L,  reacbee,  or  coincides  with  th« 
priuciptil  Tocus,  the  corresponding  focus,  (tbe  eye)  will  be  at  an  mfinite 
disl-ance,  hs.  in  tiiia  atsi-,  the  ivfracttKl  mys  will  be  paruHvl. 

If  thv  iTidiaut  19  nearor  to  the  lens  than  tbe  prtncipal  focus,  the  rmjs 
will  (|jverg(%  a8  shown  bj  tbo  lincTs  A  und  H  (Fig.  38).  and  will  meet 
only  by  Ix'ing  produced  bufkwunU  as  nt  E;  in  which  uhbc  Ihi-  fot-ua  is 
virtual,  till'  ratlianl  iteing  at  Ibv  iiitfTtieotion  of  the  liiivs  A  and  U. 

If  the  radiant  bi>  placed,  instead  of  on  the  axis,  on  any  Uue  (not 
much  inc'lintil  to  tlie  axis)  passing  through  the  optical  centrv  {408), 
o-alli-d  a  secomiury  rtxisy  the  corresponding  focns  viU  Ik-  on  thai  liu<-. 
and  the  Ihwj  which  n-gnUttt  tbo  positions  of  conjugate  foci,  aln^-udyex* 
pUined,  will  ho  n^iplicahle. 

4  a.  Figure  38.— Analogous  effecta  of  prisma  and 
doable  convex  lenses,  ahuwu  hy  their  action  on  divtryiny,  ptiral- 
let,  and  aiHVifiyiii^  rviyx. 
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Witliiti    lh(-  douliU'    »^>u^1A  I^rts  draw  !(»-otion3  of    ta'->   prisnu    *o 
ihat  likcii  angles  of  reftvclion  ahall  eaiacide  vith  the  edges  of  tbe 
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rleni,  and  their  oppoaito  8id««  wiUi  the  axis  of  the  )ena>  aa  repr«- 

aeoted. 

I*t  the  ray»,  H  anil  K*  bo  paralUl  to  the  axis,  and,  by  tho  lona,  they 

will  Ih'  rt-fnu'ti'tl  to  its  priiUMfml  r«nui«,  K;  llii;  lUveryimj  rays,  L  and 
a  (coming  from  beyond  the  principal  t'ocua  on  the  left),  will  bo  re- 
fract«d  to  gomu  point  beyond  the  principal  focus  on  the  right;  and  th? 
coHrtrging  rays,  A  and  B,  will  be  relhiotod  to  some  point  betweea  lh« 
principal  focun,  F,  and  the  tens. 

If,  now,  the  Xi-ni  be  removed,  and  the  inscribed  prisms  aabatitnCed, 
Diey  wilt  hare  the  sume  effect  aa  the  lenti  npon  the  sevenil  ray^  of  light. 

W  ^IS.    Figrure  39.— Longitudinal  spherical  aberration  of 
lenses,  and  the  principles  determining  the  foci  of  lenses.    A  double 
kDvex  lens  may  be  regarded  as  composed  of  a  □  amber  of  segments  of 
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rismE,  118  illustrated  by  Ihe  lower  half  of  the  lens  in  tho  tliiigram.     Tlio 

irlher  the  segment  is  from  tlie  centre  of  the  lens,  the  greater  is  tlie 

icliualion  of  its  faces,  and,  therefore,  tlie  greater  will  be  the  n^l'mction 

le  raya  passing  through  it.    The  contnil  ecgtneuta  m»y  be  reg&rdfd 

plane  glass,  with  nearly  jmi'alk'l  faces,  wliilu  tlie  outer  8egmttultiH]>- 

jximate  the  form  of  prisms. 

Xow,  since  the  deviation  of  a  ray.  pawing  through  a  prism,  increases 

the  inclination  of  the  faces  of  the  prism  increases,  the  rays  L  and 

will  Im!  i-efhicted  more  tlian  the  two  rays  passing  through  the  central 

tgments;  therefore  the  rays,  as  L  and  N.  passing  through  the  edgi-s 

the  lens,  will  mii-t  nearer  to  the  lens,  as  at  F,  than  those  passing 

irt>ngh  the  central  portion  of  the  lens,  which  will  meet  at  a  greater 

listnnce  from  the  lens,  as  at  R;  while  all  intermediate  rayd  will  meet 

at  varions  points  along  the  axis  betwi.'4*n  F  and  K 

This  scattering  of  focal  points  of  ditleixMit  rays  along  tho  axis,  from 
'•,  is  called  hvgiiitdinal  spherical  aberration,  and  is  provided 
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against  by  gtvitig  the  Tuces  of  teneea  a  pecalUr  cunw;  bat  owing  to  Iti* 
iliffinulty  ot  grinding  tliem  in  thit  form,  the  ftb^rration  u  prMtkattlj 
obviaU-<l  by  nmkiiig  the  lensea  relatively  tliin,  wlitcb  diminUbra  Ui* 

inclination  of  their  faces. 

A  plano-convex  lens  has,  in  generftl,  the  tMtav  ctrt<cl  lut  thn  i)4'd> 
bic  couvd  leus,  only  its  foci  arc  at  double  thit  diatancu;  tb<*  pnncipal 
focus  bi*ing  ut  a  ilistance  eijual  to  twicse  the  nulias  of  the  cnmd  m- 
Dice  (408). 

Formation  of  Xmsffe*  by  Convex  Z(enMa> 

^i^.  Figrure  40.— Formation  of  images  by  conv«x  lens- 
es, when  the  object  is  twice  the  focal  distance.—  >x 

H-j  AE,  be  placed  before-  a  lens,  all  |Kiints  of  il,,  on  either  ^ ^.  itw 

princiiial  axis,  niiiy  bt>  n'gardtHl  as  radinntx,  situai^nl  on  Mt-ondary  axt* 
sending  out  pencils  of  rays.     For  iuBtanoe,  let  A  and  £  be  two  neb 
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Imdiaut  points.  Draw  iIr'  jt-condury  uxvs  AB  and  KF.  and  let  U»>  ivo 
dote  on  thtr  princi)>al  axis  tte  tb<'  prinripal  foci  of  the  leii«.  Thfpoiit 
A  b«inx  beyond  the  principal  focua,  its  ray«  irill  niMt  on  ita  MOoatluT 
nitts.  at  B,  beyond  the  princiiHil  focua  on  the  right;  and.  in  tbr  mat 
wuy^  Uh*  rays  fnim  R  will  meet  ou  its  secondary  axis  at  K;  and  ao  lAi 
for  all  points  of  the  radiant  EA. 

Ki  ail  tlie  secondary  axes  croaa  lite  principal  axii,  the  inugot  fiF|  *^ 
be  inverted. 

The  «rze  and  puaitioo  of  the  image  will  depend  upon  tha  dUtuMeoT 
the  object  from  the  tens. 

In  litis  cABiv  the  object,  EA,  is  at  lw\tx  the  distance  of  the  prineiiB) 
fi>cn«.  and,  I'l-n  ly.  [icc<inliiig  to  the  la"  ,  .iJ 

tif  fonjugute  ii       .      '  !tnd  410),  the  imagf,  |:  .  l(1 

distance  from,  and  on  the  oppoaito  aide  of,  the  lens,  rra/  and  rirfM*!- 

4 14.  Figure  4 1 .— Imag«fl  formed  by  convex  lenset  wlien 
the  ofeiject  \M  at  more  and  leu  than  twice  the  Ibeal  dift- 
tanoe. — l.  Let  thu  two  dou  on  the  principal  axis  bv  ibr  prineipil 
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;i;  ami  AK,  thv  object,  situsted  more  than  twice  the  Tocal  ilisUuco 
int  Uie  lens,  In  whicli  caae  the  imugi>,  HN,  will  be  smaller  than  the 

tf^rt,  rw/,  iMPfirlMt  nnd  nituaied  Mwmh  the  principal  focus  and  the 

<iiU  at  twic9  thefiKul  ftitianee. 

Fio.  41. 
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a.  ir  UN  be  thi*  obJL-ot.  Bitiiatpil  between  the  principal  fociiB  and 
the  focul  (lifiLaiicir,  tiieu  the  ima;;f.  A  It,  will  Im>  lart^r  than  tkg 
f,  rfuL  inrerffd,  aud  fituaird  al  more  than  tti'ire  the  focal  dhtanoe. 
TrAB.  asau  object,  tw  movml  toward  the  lena,  the  image.  UN,  will 
^w  larger  and  rtoxle  from  the  lens.      Tf  AR  be  moved  from  the  lens, 

nr  imaj^  HN,  will  move  totrurd  the  tons  and  Itecomp  smaller. 
The  image,  however,  can  never  appru»ch  nearer  to  the  h-ns  tlitiu  the 
inripBl  focns,  u»  tlm  is  the  rot-'Us  for  puntllel  ruys,  iu  which  caite  the 

bjvct  would  be  itl  nn  inGnite  distance. 

Tbr  linear  miiirnitude  uf  (be  iniase.  a«  cow]^are<l  with  the  object,  will 
uro]iortJ<>nHl  lo  thfir  resiw^i'liif  dislanra'^  I'rnnt  tin'  Il-hk 

41s.  Figure  42.  -Ima^s  formed  by  oonT6X  lenseft  when 
object  ia  at  less  than  the  focal  distance.— If  the  object, 
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[IT,  and  the  vye,  Im-  placed  iiiarer  to  the  lenti  thun  riie  principal  foci, 
^,  the  imaifs  AB,  will  inrrmxr.  will  br  rrfrf  and  rirlnnl. 
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The  image  being  rirtual  can  oDly  be  seen  by  looking  through  tq 
lens ;  while,  in  th«  rorniv r  cases,  tbo  images,  being  r«i/,  wonld  be  b««| 
on  an  intercepted  acre>en. 

In  Ellis  CMCi,  ih(:  lens  twcomes  vhat  is  called  a  Aingle  mirrmcope.      . 

The  roys  from  the  object  ivcv  refracted  to  the  eye  by  the  li-ns,  tad 
t]ie  eye  will  sw  the  image,  AB,  in  the  direction  of  the  dotted  lint 

410.  FlgTire  43.— liig^ht-houses.— These  are  towers 
aloug  the  coast,  ii|Hm  ih^  lupe  of  which  af«  lai^e  lanteruu,  \i^ 
at  night,  afl  guides  to  mariners. 

In  early  times  Hght-honaes  were  illnmiTiaUHl  by  fires,  mndc  of 
coal,  or  other  stibBtiinccK;  suhst-c^ucntly  by  means  of  oil-lamjts, 
In  foci  of  concave  reQectors.  But  the  metal  reflectors,  becoming  l«-l 
niebed  by  sea-air,  soon  lost  much  of  their  reflective  power,  vbicb  H, 
to  the  inrcution  of  a  new  system  of  illnmiuution,  which 
adopted  in  all  cirilized  countries. 

Fia.  48. 


This  oonsistg  of  substituting,  for  the  n-flectors.  plano-c^mvex  let* 
in  the  principiil  foci  of  which  are  placed  powerful  lamt>8,  with  »cV*3 
conoeiitric  ulcks.    The  difflcnlty  of  niakiiig  large  plano-oonvcx  lei*^ 
together  with  their  gix-at  absnrptinu  of  light,  led  to  tile  adoplio 
tyttem  of  lenses,  knuwu  us  Mtehn  Icuitf^. 

A  letis  of  this  kind  is  represent^nl  by  thfl  diagram  ^  A  (on  the 
Ving  a  front  vi«w,  and  (in  the  main  figure)  a  side  view.     It  con 
of  a  pl&n<^convex  lens  in  tbi;  centre,  a  foot  or  so  in  diamet<?f.  ar** 
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s  disposed  It  KricB  of  pIono-cooTex  aDDutox  lenses,  wiih  such  a 
ir«  that  v»c\\  ahiill  have  the  «am«  principal  focus  tu  the  oeotral 
,  Around  al)out  this  compoimd  lens  are  scTeml  ranges  of  «mall 
rs^M.&o  armngt^  ait  tu  reflc-ct  such  light  u«  wouhl  otherwise 

j^onhlo  comhinaiiiiii  sends  forth,  in  n  Hinj^le  dinKtiun,  an  im* 
Htm  of  light,  as  shoim  in  the  diogmoi,  which  is  vieibic  for  fifl; 
f  miles. 

%ake  ihf  liffhi  visible  in  more  than  on*  directiont  eight  euch  sys- 
M  armnged  on  dltferent  sides  of  the  lamp;    which,  for  light- 

of  tho  firat  order,  present  an  appearance  of  a  pyramid  of  glads, 

r  ten  feet  high. 

take  the  light  visible  in  all  points  of  the  horizon,  ihe  whole  in  sot 

Tertical  ahafl  or  spindle;  which,  hy  the  employment  of  machi- 
Ike  clock-work,  is  made  to  revolve.  By  this  means  an  observer 
point  will  Ke  eight  flashes  of  light  daring  one  revohitiuD,  which 
;owed  by  as  many  intervals  of  darkness,  called  eclipses. 

light-honse  is  distingniahtd  from  another  by  Tarjring  th« 
Aoniiof  the  lights. 


^fcgure 


Concave  L»q*««. 


44.— Effects  of  concave  lenses  on  rftys  of 
I — Lenses  of  greater  finairily  ilian  onvexihj  (-tOS)  runder  parul- 
B  divergent;  converging  rays,  less  convergent;  and  diver^ring 
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ore  divPTgi'nt  The  divei^i-nt  rays  from  the  radiant  L.  by  paM- 
ough  the  double  concave  lens,  an-  rendered  more  divergent,  and 
B  directions  of  M  and  N,  oa  thowgb  proceeding  from  a  point 
the  leuB,  as  flliown  by  the  dotted  linfts.    This  point  ia  called  the 

/0CU9. 
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The  purallel  rays,  S  find  P,  would  become  divfrgent,taiA  the  conrsf 
ing  ruyd,  Y  atid  W,  would  become  /twr  eonwr^eat,  on  poming  throojl 
tbo  lcii&    lihQ  principal  focus,  F,  i«  Uw  oeotrv  uf  eurrnturo. 

4,/,?,  Figure   46.— Formation  of  imagfis    by   ooncan 
lenses. — Ijt-L  V  Im:  the  CL-iitit:  of  outvaiurc,  and  All  the  ol*H<"-     ^ 
pencil  of  light  coming  from  A,  is  deriuted,  sod  apptart  to  o*  1 
tlw  top  of  tho  image,  H,  situated  011  the  KMiidiury  axie  or  lin«  tli^^- 
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fVom  A  lo  i\w.  optical  opntre  of  the  lens.  A  {K-noiI  of  rufs  mmiDj;  Ihtn 
n.  is  dcviiitcd.  so  m  to  a])pi-jir  to  cnmi-  Troni  Ihu  lutttum  of  tii"  ^•^^"''■ 
II.  8iluiit«^.l  on  the  s^condury  axii  or  line  diuwa  from  B  tu  \}>- 
Cf  n(n*  of  tlie  lens.  Thvn-'fori-,  LI  is  the  imag?  of  l\iv  ohjt'cl.  A  It.  liaa^ 
imugcB  formed  by  conciivtr  li^nws  are  erect,  viriuatt  uud,  U'iug  ueamtlx 
optical  centre,  amalkr  than  the  object. 


CBKOlC&TICa.  AVD   DBCOlirOSITIO V  OP  t.ioaT. 
The  SoUr  BpMrtnmi. 

4^9.  Figrare  46.— Sol&r  spectrum.— Primary  colort.-* 
lieftm  of  sunlight  let  into  a  dark  room,  through  a  small  btiW  i&  til* 
dintter.  and  pns^ng  through  a  triangnlar  prt<m,  P.  will  W  tv(«;  i» 
fVaotiil  nut  of  its  connte.  insfteod  of  poasiag  on,  ne  to  T  :  uTid  iTi>tt«i 
of  Iwing  rvfruct*!d  to  a  single  round  point,  on  an  inleiv  ;  <«. 

it  will  1m*  diflfhsod  or  apn-ad  out  over  a  ijoniidcrabk?  spn-     -  ^ 

called  tht  soiar  KpKtrum,\ii  which  will   be  8'».'n  all 
ruinhou-.     This  dispersion   is  owing  to  llie  unt-^oal   nU  .  iJ 

the  diifcrrDt  colon.     Bu^nning  with  thr  color  luul  ret.....   .,  UarJ 


opTif^  as? 

^^ntnge,  tf«lh«,  ffrf»n,  blue,  indiyo,  and  vioUt,  aa  «bown  in  the 


rtog. 
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ifM-rty  wliicli  a  irfractive  medium  possesses  uf  decomposing 
>rin^  solnr  liglit,  i»  nilled  its  ditperaive povier.  The  dig|>ersiTe 
Af  difFerpnt  sabstances  varies.   For  example,  the  spectrum  formed 
%l  glms*  IS  uetirlj  twice  us  toug  as  that  formed  bir  crown  glass. 

F3rimary  colors.~If  a  holo  be  cut  tlirough  the  screeii  opposite 
T  onr  of  the#  colors,  and  t.h^  light  allowed  to  pasfl  throagU  and  fall 
•on  another  prism,  it  is  found  that  it  can  bo  farther  mtncivA,  but  it 

EC  be  fnrtlior  (lPcotii[>os«>d  or  soparaU-d  into  other  colors  by  refmc- 
Ucnce,  the  colors  uf  the  soliir  specLrum  are  g6n«ruUr  calk-d  pri- 
eohn. 
0.  Properties  of  the  solar  spectmm  (Fig.  ^fl).— Whether 
nut  light  aiifi  bent  are  one  anil  the  same,  or  whether  their  diflt-rence 
'  -  "  Italy  in  the  raw  or  velocity  of  the  vibrations  of  the  ethereal 
,  t"(  it  !•  mident  that  there  are  /Arwclasaesoreffftl^  |»roducvd 
'  tttont^  which  iktv  widely  dilt'ftvnt.  namely:  i»minOHf 
..  ...  i  ti|H>it  tha  ^ye;  themial  or  ixilorific  tffHlit^  which  ex- 
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^nil  all  bodies;  and  rhankal  s^m/«»  which  pUy  betwcrn  iltfr<ii>-ni 
cluueutar^'  tsultfUincua.  causing  ohuitncul  chaiigea. 

These  thit*  kiQdK  of  force,  being  luuffmJly  iufni  in,*  scpantrd. 

and  at  exuiiiitiMl.  bv  Uieuits  of  Lh>.>  ri'fnu.'Li>i<  jiuml-i  ^-riun,  in  the 

manner  pn^viotuly  shumi  for  8o[MiratJng  the  colon  of  light  {419). 

Ry  referring  to  the  diagram  (Fig.  4(1)  It  will  be  iiDticc-d  that  boa 
Uie  {irisin,  P.  to  tlie  st>eetruin,  i^,  thorr  arc  tlirt^o  kinds  of  lintt. 
whirb  rejirujent  thueo  thrcG /orceMy  tiff  mis,  or  proper  ti«M  of  ih«  mtUt 
rayg.  Of  course,  they  arc  uuc  dttiUnctly  eejiarated  fVom  each  other,  ai 
Ibe  linejs  are.  but  tbt<y  blend  together  lik(>  the  colore  in  tiiu  Apvcinia 
or  rainbow, 

'V\ic plain  linet  represent  Uie  luminous  rays;  the  xioUtd  linn,  tbv 
cbi-micul  raya ;  and  the  brol'fn  Itnea.  the  calorific  ruyit  TLi*  Iwam  nf 
:<iiiilight.  iherefore.  in»t«'ad  of  being  st-purattHl    IiiIm  id  '  •.  u 

di'«un|K»iu-d  into  (wpiuy-ont-  ray*;  seven  Inniinons,  li^, :„  _.  ^^lu^ 

ing;  seven  falorini.*  or  heating' ;  and  aeren  chcmieal  raya. 

Thefie  lbre<.'  foree»  or  Uf;>-ntis  are  not  e<|nally  [mwrfiil  in  at]  ]WrU  •/ 
the  sjKTtruni.  There  utv  jiuinlK  when*  each  haa  a  in:isiinum  and  Qiioi- 
muui  int«nrity. 

Below   the    red    ray,  quite  out  of   the  color,  i-  foi 

mhrijic  ray  (reprt*entf>d  br  ilif  first  broken  line  ■■     ■  "t' 

iSc  ray  diminishing  in  iutonrntyof  beat  as  wc  |)uft8up,and  lying  jRa( 
below  its  reapectJTu  lighting  ray.  On  the  contmr>%  the  mojft  pownfdl 
cMemiail  ray  ia  at  Chu  top,  above  the  violet,  and  ijuitr  out  nf  the  CDlar. 
i-aeh  chemical  ray  diminiiibing  in  iDtcnsity  of  etfecL  aa  we  |«n!  dowa. 
tintil  we  roach  the  strongest  lighting  ray  (whiob.aa  will  be  vcvn,  if  U» 
yellow),  where  i>ieehemieal  eff'-et  diminishes  to  notJtinff ;  Uien  uieraa- 
ing  again,  and.  finally,  diminishing  to  nothing  at  the  low-  .  i^ 

of  the  spectnini:  tints  showing  tteo  maxima  of  chemical  iu:.... 

The  most  powerful  coloring  or  lighting  ray  is  the  yellow,  the  lighting 

rot  diminishing  fVom  this  color  to  nothing  at  eithir  cod  of  the  ^-c- 
11  m. 

The  chemical  effect  extends  as  high  as  thr  dotted  lln<>  at  thr  cxtranr 
npiKT  end  of  the   i<i>eclriim.  S.  and   the  healing     '"  low   ■■  tl» 

broken  line  at  the  esln-me  jwint  of  the  B|>rctnini. 

By  experiment  it  ha«  been  found  that  the  cliangc  wmught  witlittt 
the  vegetable  b-af,  namely,  the  dr-nridiwit.ion  nf  eariion  :  '  '  Ira- 
g\*»,  or  the  dciximpositioh  of  carbonic  acid  and  water.hy  wl.  „•<« 

U  lihenUed.  takea  place  with  (kr  the  greatest  activity  iu  the  yellow  ny. 
where  tb'7  llfzht  is  mo«t  intense  and  the  chemical  effect  is  \>-  V  nv, 

ijotwiiliHtaniling  the  |)otnt  of  gnulest  iiiteusity  -if  thia  <  nf 

force,  agent,  or  pmin-rtv  of  ilu*  iHilur  ruy»  «frtv(*i)"«ds  wiUi 
lighting  or  coloring  rayn;  yet  ita  etfi-ct  on  vvgetatiou  ta  »h.  ......,v„. 
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f^tn  that  of  li^ht  npoa  the  eve,  it  ii  not  improbable  that  this  U  a  dU- 
tinrt  proiirrtj  of  Holar  nuliation. 

"n  ..  intensity  of  ht'st,  in  ililTert'nt  parts  of  the  Bpectriim.  niav  Ix* 

1  bv  a  ilrlicMitf  thtTDiomfU'r;  tlu;  iiitfiieity  of  L-hfioical  effect  hy 

(inper,  prenoiuly  prt- ^raaii  with  iiitrat;!-  uf  silvi-r ;  aad  the  intensily  of 

'  '   liY  (ho  (lialauoe  nl  wliit^  fine  {print,  placed  in  Uiffeix-iit  parts  of 

-(•x'lnini,  win  In-  n.*;ul. 

;  Thr  piwtiiiii  of  I h<-  maximum  intensity,  for  the  calorific  ra^'s,  varies 

Ilh  tliv  nntiirc  of  the  mat^'riat  of  the  priflin. 

On  the  right  of  the  Bpoctriim  art-  thit*  carved  Unes,  C,  L,  and  H, 
ihiL'h  are  rallptl.  rt'«|»POtivt'Iy.  thf.>  cunv  of  chemkal  intensity,  the  rurv4 
luinimnm  tHtninity.  aud  tht<  ntrve  nf  ihennal  inlfunity.  The  must 
^uvuiineat  jioini  (ift-auh  curve  elands  oppu^tc  \k\  that  part  uf  the  «pi!o- 
im  111  which  is  found  the  muxitnum  effect  of  the  prupertjr  which  the 
irvc  tvprnirnLs.  Fnjni  tbest?  points  llie  intensity  diminishes  in  pro- 
]Hirtitin  an  the  curvt-*  approach  the  straight  bnac-line,  until  the  currw 
aud  bgwrylinv  meet,  opposite  to  which  points  the  effects  oeaso. 

^?y.  Complementary  colors. — Any  two  colore  are  said  to  be 
'  .niary  lu  t-ucli  other,  wliich,  by  tht-ir  union,  would  pmduce 
-lit.  If  all  the  colors  of  the  solar  epectrom.  tjcf.fpt  any  one  »/ 
Ikmi.  be  reunited  by  means  of  a  double  convex  I«n8  (Fig.  M).  ot  by  a 
ind  priMti,  the  rvanlling  color  will  be  complementary  trt  th«  color  left 
It,  a*  it  only  hicV?  this  color,  mixed  with  it,  to  prudnce  white  lighu 
If  tlir  rrd,  for  cxamplo,  b<>  left,  ont,  the  rcHxtmposition  of  the  other 
eolurs  vill  ^ivo  a  bluish-green :  hence  rtd  and  yreen  are  cuupIemeDt' 
ttry.     Id  thid  manner  it  is  found  that 

Bed  is  cumpleinentary  to Green. 

Violrt  nd         "  «  Vellow  green. 

Violet  "  " Yellow. 

Viol«t  btiw       "  **  Orange  Yellow. 

Blue  '*  "  Orange. 

tiRVDtah  bloc  *^  "  ,,...*.... Rt'ddiah  Orange. 

BUck  *•  " Wbite. 


h^~.  Aualyslfl  of  colors  by  absorption.— Although  the  color* 

tbr  pri«>nuttlL-  fpectrura  cannot  In.-  further  divided  by  n.Tnictii>n.  yet 

ky  uf  Ibew*  cuVit*  may  l)v  still  further  decompus<ed  by  tnirigniiiuion 

:■*■  VTvnonN  ctdon-tl  glaw;  by  which  meantt  it  ha4  been  found  that 

,  and  hiMf,  arr  in  all  fuirts  of  the  spectrum;  and  that  any 

^ii<r   »hatet<T   mav  tx'   formt-d  bv  auitablv  corahinin;;    thr^e   three. 

luK  )t  ia  infcrrtHl,  that  th>  n-  im-  r>-:i11v  only  three^  iuslcad  uf  srm*. 
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priiniu7  oolors,  red,  yeilouf,  and  blu« ;  the  other  foor  being  > 
an  seconJarif  colorji  of  the  siiectrum. 

^^3.  Figure  47. -Union  of  two  primary  oolora' 
speotruzn,  to  produce  a  secondary  color.— Lei  a  solur 
li^ht  Im:  diaperstd  by  the  priBm  1*.  iiiiU  iiiUTcfpt«d  *»jr  a  tcrtmf 
p«rrforuted   im   lu  allow   tlif  primary  colors  yfUow  and  bluf  U 
through  it,  »nd  fall  npon  tlie  hvo  prisms,  TI  and  N',  by  which  rt 
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•  will  be  atill  further  fffrnrted,  hut  not  di3i>ergod.     If,  by  nt'tinB 
double  cunvex  lens.  L,  they  be  converged  so  JU  to  meet  on  llic  acr 
tlicy  vill  form  yretn, 

Bt  the  same  process  it  is  found  ih«t  yellow  and  rt-d  form  or 
rfd  and  blut;  form  noM  nud  iniHgo.    Still,  no  two  oolors  slone 
third  oolor  in  tht>  golar  epectrum,  as  more  or  less  of  all  the 
oolora  ore  necessary  to  form  either  of  the  four  secondary'  colon*. 

4^4-  ^arure  48.— Compoflltion  of  the  several  ooloi-     . 
the  solar  spectrum. — 'I'lu-  <:<>lori-d  f^ymian  xvyrcfu-wx   thu  rvltu^j 

Fro.  48. 


IvnfttltR  nf  Hi*'  fwyemi  coU>r«  of  tbo  spcctnim.     The  threi- 
iknd  U.  ri'pn'jit'nt.  ppHpivliTPly,  th?  distribution,  olanj;  tin 


g  primary  colore,  rod,  yellow,  and  blue,  and  the  n>lattTe  amuiitit 

)f  them  neixBsary  to  jiroJiaco  the  set-ondiiry  colors  of  the  sjwc- 

tttif/fi,  grern,  indiyQt  aud  violet, 

itirred  line,  B,  shows  that  Tery  little  blue  is  round  at  the  rM 

he  spectrum ;  sud  the  curved  liue  R,  that  there  ia  hardly  any 

leWuoend;  while  the  curved  line  Y,  shows  that  but  a  small 

»f  yellow  is  found  at  eitlior  end. 

paces  between  any  two  of  the  vertical  dotted  lines,  lying  !»• 

le  curved  linea  ond  apectrum,  re-present  the  relative  amount  of 

Ihe  primary  culi^s  ueceasary  to  form  the  aecoudary  color  ihab 

;tly  below. 

Befraction  and  dispersion  of  the  solar  spectrum.— 

«  tube  or  a  |>lain  drinkirig-glass.  or  any  glass  inutrument  of 
'orm,  be  held  in  the  pulh  of  thr  colortid  rays  of  the  spectrum,  in 
room,  a  beautiful  system  of  colored  rings  will  bo  prodner-d, 
ary  in  form,  position,  and  color,  with  every  change  in  the 
or  form  of  the  interposed  glass.  The  great  variety  and  exquis- 
ty  of  the  tiut«  and  hues  exhibit  the  iiitiDite  resources  of  color 
inbeam. 


Dark  Linea  m  Light. 

Bark  lines  in  the  solar  spectrum  (Fig.  48).— If  the 

1  be  formed  from  a  narrow  Iiti«^  uf  light,  and  by  a  fine  flint- 
ism,  and  viewed  through  a  telescope,  there  will  be  w-en  cross- 
spectrum  a  large  numtwr  of  dark  line^  of  different  sizes; 
in  numl]er  from  fJOO  to  a.OOO,  according  (o  the  power  of  the 
-.  None  of  the  dark  lines  ooinoide  with  the  bouudunes  of  the 
ipaces. 

ositioD  of  some  of  the  largest  of  those  lines  is  shown  by  the 
,  the  lines  being  drawn  in  their  relative  pojutions  hthw  instead 
)  the  spectrnm. 

liiueB  in  Ught  vary  with  different  sources  of  Il^ht. 

osition  of  i\\K  durk  lines  of  the  sjiectniui  is  uicarmblf  wliL'n 
:  comes  from  the  sun,  whether  the  spectrum  be  formed  irom 
ys  or  from  rays  reflected  by  the  moon,  planets,  or  terrestrial 
When  tJiP  spectrum  i.i  formed  from  light  of  a  star,  the  poai- 
l]uml>er  of  the  lines  arc  not  the  same  as  when  it  is  foiTUed 
I  light  of  the  sun.  Their  {Kiaition  and  number  are  not  the 
en  Ihe  spectrnm  is  formed  fVoni  light  of  difTerent  stars.  iClec- 
fht  and  light  of  Uames,  from  whatever  burning  body,  give 
aes  instead  of  the  dtirk  liuea. 

16 
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4S8.  Fixed  linee  in  the  Bpectra  of  different  oolor*d 

flajnes. — .Sake  uf  vtiriuus  luetulo  itii|>art  cli.  -   t<i  the 

flADie  of  ulcvhul,  and  spectra  frum  fluoics  tlHii91.11      1  inicirf ■ 

istic  fixed  liaes.  For  instance,  the  Rpectrum  of  a  svda-flamc  is  cluuv> 
teriiMMl  b;  two  brigbt  tinc«  in  the  position  of  tvo  dark  lin«.-«  in  the  foUr 
spectrum.  Ftames  of  potash-Mlts  girc  other  bright  \me&  in  the  pUa 
of  certain  other  dork  lines. 

Exp«riments  with  Buch  and  variuuit  utbtT  Qamue  have  led  nm 
philoeopbcrs  to  iufvr,  that  Lbu  almosjiheru  of  the  Bun  conUiiu  con- 
poundtf  of  aodium  and  potaniiiiim. 

Colon  of  Bodiaa. 

429.  Color  of  Opaque  bodies.— The  color  of  a  twdv  '■ 
Umjiorarj  or  pcrmuuviit,     I'cmpvrary  cuhrs  arise  fhim  some  ui-  - 
tion  of  light,  of  a  transient  character.    The  color*  of  a  rainUtv,  W 
instance,  are  earned  by  refraction,  and  ore  tem|)orary. 

Re8))ecting  permaueni  m\or»  there  are  varioua  opiniona.  N'liwuw 
held  that  bodies  absorbed  Rome  of  the  rays  of  the  spectrum  and  r^ 
flecttnl  the  reniuioder.  According  lo  this  theor>'r  tbf  cob>r  of  u  UnIi 
would  Iw  that  n-sulliiig  fmni  u  mixture  of  tin;  n-flvcted  mja  K-" 
inetance,  vermilion  was  euppoeed  to  reflect  only  the  red  rays,  «bil»  i> 
absorhud  all  the  other  rays.  AU  bodies  placed  in  red  light  apfsarmL 
in  blue  light,  blue,  and  so  on  for  other  colors. 

Anigo  was  of  the  opinion  that  the  color  of  bodii-«  tmmn  fWxn 
admitU'd  into  the  body  and  then  emitted  again,  nnder;gDtng  1 
certain  modifications.     According  tu  this  theory,  the  oolor  wh  > 
pend  upon  ihsi  ttwUcuiar  condition  uf  the  body. 

450.  Color  of  transparent  bodies.— All  tnuisparvnl  buiw 
abg4irb  mure  or  \vs8  of  the  light  which  i^nti'i-n  thnm.  and  ir  'W 

thick,  must  appear  colored.    Their  color,  then-lure,  U  dnr ..Art 

of  the  light  which  is  transmitted.  If.  f^r  example,  all  the  aolartajik 
esc<'pt  the  red  ones,  are  atwortwcl  by  a  mwliuni.  it  will  np  '■) 

transmitted  light     Hence  water,  in  largo  niasses,  .ippc-ars  ly 

absorbing  more  rays  of  the  other  oidors  and  trtmsmittin;  1  iii 

hue.    In  the  same  way  air  appears  blue,  and  heaoe  the  eiditr  of  Uu  skj* 

451,  Recomposition  of  Ug^ht.— 'I'he  soren  cylon  of  the  ^wt- 
tnim  uuy  be  reuuilMl  so  as  tu  jmjduoe  white  light.  l*his  oan  badM» 
in  seranU  way*. 

1.  If  a  circular  disk  of  cartl-boartl  bo  painted  in  secton  vitli  Uw 
•CTMi  colon  oC  the  Rjtectmm,  in  the  pntportinn  of  66"  n'd,  27*  orugfc 
«:"  yellow,  46°  grwa,  48"  blue,  47"  indigo,  109"  TwIoLaud  then 
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to  («!  painted  *cAi7*;   illiistnitwl  by  t'ig.  63 
caae,  thf  colore  are  mixM  in  tlie  eye. 
rum  Ih*  received   upon  ii  concat'e  mirror,  it  will  be 
is  prodticiug  white  light. 

'  ibt!  tKilur  biH^otrum  be  piusod  through  n  double  con- 
\y  Fig.  -H  (!».  347),  tliuy  will  Ihj  ivunilwi:  juul  if  a 
«t  the  focus  of  thu  Icus^  aa  image  will  be  formed 
oolor. 

Iccomposed  by  h  prism,  ami  then  received  upon  a 
[be  Mime  form  and  niutirrinl,  having  its  rerrat^tiiig 
will  be  reconipDSL'd  uod  emerge  as  whJtu  liglii:  as 
^art  G  (p.  251).  'I'bu  iouidcnt  ray,  L,  will  emerge 
risui  in  the  direction  of  U ;  the  incident  and  enierg- 
lllet.  as  represented  by  the  duLt«d  lines. 

SBainbowi. 
9  and  50.— KainbowB— primary  and  sec- 

rw  ig  !i  semi-cirtriihic  baud  ur  iircli,  cumpoeed  of 
Finn.  49  him  50. 


\  coliiri?.  Bii'ii  in  till-  air  op]Kwit6  to  the  direction  of 
be  ocinirrenoe  of  rain  in  sunshine,  when  t]ie  eun  u 
e  the  hon»}n. 
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This  beantirul  ph«uomeDon  in  nature  is  caused  bj  reflection,  rt/rve- 
turn,  dispersion,  and  inhrfennct  of  aunbeams  bj  drops  of  ruin. 

Somotimes  therp  are  fwo  rainbows,  ont>  within  the  other  ;  the  inoerons 
being  called  i\w priinnrrf  bnw,  and  the  outer  one  the  Mcondtiry  bote. 

Let  EI  and  N  be  two  drops  of  rain  falling  thmugh  air,  and  S  two 
rays  of  light,  one  of  which  falla  up;n  N,  and  the.  other  tipun  H.  N 
belongs  to  the  primary  and  H  to  the  secondary  tK)W. 

The  my  failing  upon  N  will  tiret  be  refniclvd  and  dispersed,  tJiea 
internall;  reflected  at  L.  and,  finally,  on  emerging  from  the  dropi  be 
again  n^fraoted.  The  red  ray,  R.  falling  the  lowest^  will  pass  to  ibe 
eye,  1,  while  the  other  rays  are  thrown  ubovf  the  eye. 

The  my  fulling  upon  H,  will  tlrat  be  refracted  and  dispened,  then 

twice  iDternally  reQccted,  at  L  and  T,  and,  finally,  on  emerging  from 

the  drop,  \)t'.  again    refnu^t-i^d.     The  violet,  in  (liiH  nuw,  owing  to  Uii' 

double  reflection,  fiilliug  the  lowest,  will  also  pass  to  the  eye  I,  wlule 

all  the  others  will  be  thrown  above  the  eye.     A  person,  therefore, 

standing  in  this  position,  will  observe  a  red  ray  from  the  primary  and 

a  vioht  ray  from  the  iecoudartj  bote  ;  while  the  eye  2  will  observe  th* 

cratige  ray  of  the  primary  bow,  and  the  indiijo  ray  of  the  setwndsij 

Ihiw  ;  and  e<>  on.  nntil  the  eye  7  will  take  in  the  rioM  my  of  the  pri- 

wary  how  and  the  red  ray  of  the  eecondary  bote,     llence  it  will  be  fefn. 

that  by  placing  the  eye  in  seven  different  positions,  it  will  obaertcsll 

the  colors  of  the  rainbow  in  one  drop,  and  in  twa  drop*  all  the  colon 

coming  from  both  bows. 

Pio.  51. 
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4SS.  Fig'ore  61.— How  we  see  all  the  colors  of  the  rain- 
bow from  one  posltion.^It  hoe  just  been  shown  huw,  Tntui  diO'er- 
II  podtioas,  all  iUl-  ciilure  of  (Jx*  niiubow  may  U>  devu  iu  ima  drop. 
will  In  ieeu  b;  this  diitgram,  huw,  by  a  Krie«  af  ilrupo,  nil  llie  culon 

b«  aeep  fnam  wt«  positivn. 
Let  R8  W  riij-s  of  the  snn  incident  upon  the  neripg,  or  consfaint  irac- 
on  itf  (ln)]>s  on  the  left,  and  il  will  t>o  seen  that  the  iipiMTmoat  drop 
ill  icnd  the  red  ray  to  the  eye;  and  the  next  dmp.  the  orange  ray; 
id  au  on,  tu  the  li>wermost  drop,  which  will  furuish  the  violet  ray. 
liencv.  ns  two  iwrsoos  niauot  occupy  the  same  place  of  ubsfrvation, 
is  evident  tbal>  although  ditferent  h'if.  ra 

snoitit  oljwrve  thie  phetiomenon  at 
cb«  Mine  /i>u>.  no  two  poraoni  behold 
I'lly  the  Mine  rariibow. 
The  auLt|ual  brilliiuicy  of  the  two 
U  due  tu  A  greatt-r  loss  of  light 
■  '■■►ndury  thun  in  the  primary 
-'■d  by  the  light  beiuy  twice, 
tcad  of  uDVe.  reflected. 


Figure  62. — For  on  explanation 
of  thU  diai^ram.  nee  431. 

4^4-  Fiffore  63.— The  arch  of  the  rainbow.— It  i«  not  vo 
jfEi'till  to  DnderBlund  the  ivfruittion,  rellectioii.  and  dispersion  of  a  ray 
ligl>t  by  a  drop  of  water,  as  it  U  to  conipreliend  the  confitmctiou  of 
ic  arch  uf  the  bow. 

Width  of  the  /xitt-.— By  rcfi-rrin(i  to  Pig.  51  (4:13).  il  will  be  wren  that 

ic  angle  funned  by  the  incident  ray  and  the  reflected  or  red  ray  (paea< 

IK  to  the  cyo)  of  the  niipemiost  drop,  id  larger  than  the  angle  formed 

<t  niy  and  Uie  reflected  or  vioM  ray  (passing  to  the  eye) 

■  I  "St  drop. 

Now,  M  the  eye.  in  both  cases,  in  in  the  enme  position,  and  the  enn's 

■  h  othur,  the  difTereiice  in  the  »ize  of  the  two  an- 

.■  t  that  the  reflectvd   rny  of  the  lowermost  drop, 

rinjt  the  riolot.  ia  more  rffract*>d  thun  the  reflect^  my  of  the  uppers 

■  '".  :3  the  reil  nky. 

J  by  the*  Bunbmm  and  red  ray  being  ii"  ^\  and  that 

irmnl  by  Ihr  iiinbmni  and  vioki  ray  being  40°  17'.  their  diffrrence 

lU  lie  1°  47'.  which  IK  the  width  of  the/ri'mary  bow. 

Thf  width  of  the  frttniihri/  Ujw  {the  lit'bt  being  twice  rvflccted)  iii 

!»'.    In  ibid  Uiw  the  an;:le  formal  by  thp  nauU-Ain  and 

d7'.    Am  the  rml  ray  U  on  the  ouindt'  of  the  ttrimary 
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bnw  and  on  Ihe  inside  of  the  aecondory  bow,  tho  distanw  Mr***  At 

Itoiea  will  bp  the  iliflViri'nw  between  tho  two  nnglee  formnl  by  ih*  wot- 

beAins  und  tb*-  two  red  rave,  tbui  '\6,  .10"  ft?"  niiiiua  4^"  4'  e<jual*8*W- 

Inarch  of  ihe  bow  {h'ig.  ^3).  Let  tbouppermust  drop  uf  the  lirtuHn 
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bov,  and  llie  biwtTinoeL  dnip  fif  tlie  sciNitulan'  l»nw,  rppruMQt  dropc  ffi- 
dL<ctitig  thi'  nil  niys.  TIk-  anglos  fonned  bv  the  sanbcams.  S  and  U 
und  tJir*^  red  rii_j«,  a«  hUovo  bU»wu,  uif  rvaiK.'ctirBlj-  43**  4'  and  &<•"  iT, 
and  conHtunt  or  invuriable,  wbatercr  tte  tin-  fHisition  of  tbe  dn<pa. 
Tbcrefon-,  iiltbougb  tbe  air  on  tbe  nne  side  itt  lllled  witb  dntpa  of  nun, 
and  <m  thit  otht<r  aide  villi  sunbeams,  and  vvnrv  drop  n-fracta.  r«Retti. 
and  diBpcTHeB  the  ligbu  yet  tlit*  obaervt-r,  in  any  our  ]!■■  ■    ■ 

only  tl)i>9(.<  rays  which  are  embraced  within  thu  several  .:  ^:      ..  . 
explainod.     That  is,  if  u  «[M'clAtor  stand  with  bis  book  Ui  the  sud»  and 
n  Btrnigbl    line  U>  drawn  fmni   tb**  sun,  t'  'I 

of  ruin,  it  will  al»o  pag«  through  tin-  cent. 

v(fr  will  perceive  the  violet  rtf  the  f^mnrtf  r*erywbei»  4*V  17'  ft«rtt  this 
Hot) ;  and  the  red  nf  the  primarn-  4S*  4';  and  the  rnl  of  tha  aeoviidar? 
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';  Mid  tbH  violet  of  the  seotmtlarj  54°  7'.    Uence,  if  the  ftngle 
smi*8  eln^atiou  above  the  horizon  exceedi  the»e  soglet,  no  raia' 

Ml  be  Arcn  :  nnil  the  nearer  the  sua  is  to  the  borizon,  the  higher 

p  the  rainbow. 

pori^  of  the  eeveral  colors  in  the  rainbow  is  the  reenll  of  int«r- 
!,  irhich  )in)iliiL-«-£  ihirk  tmniU  for  racii  i»trtii;iilar  oo)or,  giTiog  a 

Fpacc  for  the  dtlineution  of  ihe  other  colur^  of  the  rainbow  before 

rvt  color  is  rejwat^.'d.    Thu  colon  are  most  clearly  definod  when 

wps  of  rain  an-  nniform  in  gize. 

'  B  fbrthor  esptauatiun  of  the  rninbow,  or  the  effects  of  u  drop  of 

«i  a  ray  of  light,  3«  Kig.  1,  Chart  fi  (435). 

Fhj.  m 


64.-  B-ecompositioD  of  Li^ht  )■>  mt-iins  of  a  donble 
leiu.     for  uu  explanation  of  thi£  diugram,  see  431. 
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CHAPTER    Xr. 

(CHAHT  NO.  0.) 
0PTIC8,  COSTIXPBD,— OPTICAL  IlfSTBiniBMTa 

43s.  Figure  1 .  —Effects  of  a  drop  of  water  upon  parallel 
rayi  of  Ught,  farther  explained.— Lit  ilie  lirclt-  r.-]iri-*riii  a 
drop  of  wut«r,  Hml  8,  T,  II,  F,  luinillt'l  rayi)  fullinj;  upon  it.  Tbe  t^ 
K.  Wing  ptTiHtndiculiu'  to  lliu  drop,  will  pufis  Dtrutghi  lliruugli  iuw 
bIiowii;  thougb  11  little  of  tt«  light  will  be  cxtomiilly  rvflcvtitl  tiici 
upou  ittielf  al  the  first  Burfkcc,  aud  intenially  el  ike  eet^nd.  Tbe  ttj 
H  will  be  refracted  to  A,  where  it  will  be  reflected  to  tin-  upporite  mr- 

Fio.  1. 


fuce  and  then  Tvfnirtfd  in  the  direction  of  Y,  mii'. 

with  it*  origimil  dirrction  II.     As  the  diBtnnce  til"  ii 

the  ocDtrv  incn-tuica,  the  emer^nt  my  will  uioke  a  greater  au|;te  villi 

thf  incidpiil  rnv,  until  a  distttiiw  is  n'ftched  »*■'        ''  '    •   -       I  t.j 

iho  incident  and  emergcot  ruva  will  be  the  ^<  <  '■? 

the  heavy  incident  line  T,  and  its  vmcrgrnt.  ruy  K  ;  for,  the  mun^  di* 

tAiil  my  S  will  i-mergr  at  E.  nearer  parallel  lo  it«*lf  than  tlv  ' '-n^ 

T.    Hrfipe.  any  incident  ray  on  cither  aide  of  T,  wilt  ennr^.  rn 
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6omc  other  emergent  ray,  wliosi^  incident  ray  is  oo  the  opposite  side  of 
5    X  ;   »8  shown  by  tho  two  tlner  Hupk  dniwn  clow  to  the  heavy  line  T, 

ivbich  t'nierge  in  the  directiuii  tif  L.  piirullel  to  each  other. 

Now,  u«  the  limergciit  my  K  iiiiikt-B  the  greatest  possible  angle  with 
Hpie  incident  rays,  it  follows  that  idl  the  pamllcl  mys  which  enter  the 
^^rop  will  emerge  and  spreatl  over  and  be  limited  to  Lhe  space  between 

the  rayg  K  aud  F,  hjniiig  the  greatest  iuteusily  near  the  diivctiou  K, 

and  rapidly  diminishing  tuward  Y,  until  they  fiule  to  nothing. 
j  The  angle  of  gre^iteat  devintion,  TAK,  for  red  rays,  is  42^  4',  and  for 

■     violet  rays,  40"  17',  aa  previously  stated  (■131). 

Since  there  are,  at  every  angle  lietween  K  and  F.  parallel  rayg,  which 
^^ave  traversed  different  puth»,  and  tMi  uiit'(|ual  ditituitceo,  through  the 
^Brop.  there  will  be  esliibiuil  all   the  pheuotiiena  of  bright  and  dark 

bands,  prodnced  by  inttrftreiice.  to  be  Lereafler  explained. 

The  intergvctiou  of  the  emergent  ray^  will  form  a  aiunlic  curve  (391). 


P 


-^t?^.  Pogbow*.  —  Halos.  — Coronaa.— /^^*pff«  differ  from 
TainbowB  by  the  niinut».'ne8^  «»f  the  glnbuli.s  of  water  from  which  the 

I     reflection  takes  place. 

'  ffalo*  are  prismatic  ringsi  seen  around  the  Biin  or  mooOj  vfkr)-ing 

from  a*  to  4fi°  in  diameter,  caneed  by  rv.-lleetiou  IVom  mintttc  crystals 
of  ice  floating  in  the  air. 

^_      Coronas  are  formed  about  the  moon  by  reflection  fnjm  lhe  ejclemal 

^■'flurface  of  a<jueou8  vapor,  the  light    thus  reflected  iitterftriHg  with 


4^7.  FigTire  3. — Chromatic  aberration.— From  the  onalo- 
gotu  action  of  prisms  and  leusea,  previously  shown  (411-13),  it  is  evi> 
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di'iit  that  white  light  will  be  dispc-rsfii  by  eorivex  tenses,  in  the  t>ame 
B,  producing  all  the  colore  of  the  ttpeetrum. 
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Let  P  be  an  object  ailuuted  lieyonil  the  principal  focitsof  thelens  L; 
which,  having  the  same  effect  m  the  two  inscribed  priems,  will  refmt 
the  most  rvfrangible  mys,  which  are  (he  violet,  to  a  focn«  nearer  llir 
lena,  than  the  least  refrangible,  which  aro  the  wd  rayt  Hence  i\»» 
will  be  formed,  m  at  V,  a  violet  imiige  of  the  object,  P;  and  a  tA 
image,  bcvonil.  09  at  K;  while  imagea  of  the  other  colors  of  rhc  gjw- 
Irum  will  be  fnrmwl  iK-twceu  tlic  violet  nud  rt'd.  Though  the  imup 
of  a  point  or  lino  formed  at  V  is  riolet,  yet  it  will  be  gnrroumli'd  by 
fringes  composed  of  all  the  colors  of  the  Bpcctmm;,  the  outer  bonier  ol 
the  fringe  being  red.  If  the  lens  be  28  inches  fociis,  the  distance  be- 
tween the  imagea,  V  and  H,  will  be  1  inch  ;  if  28  feet,  it  will  be  1  foot 

Thi3  scattering  of  the  different  colored  foci,  which  occnrs  with  the 
use  of  all  single  lenses,  fornu'd  of  wliatever  snbstiince,  is  called  cAro- 
tiifitit'  nherration. 

Hence,  for  many  nice  optical  purjioscs,  aa  for  the  telescope  and  mi- 
cro&copc,  a  lens  or  any  cumbinatiuu  of  leoaed,  formed  out  of  tbt'  s&xzu 
glofis,  is  almost  entirely  uselesa. 

^38.  Pigrure  3. — Achromatic  combinatioii  of  lenBes. — "To 

overcome  the  i.-br*)nintic  jibL-rratimi  of  lenses,  and  render  them  Raita-t*!* 
for  &iich  r>ptir«l  instruments  as  the  telescope,  miL'nwc-ojje,  etc..  has  1*^ 
to  a  (combination  f>f  lenaes,  which  liiut  the  effect  of  ueutraUziug  iHcar 
dhperm're,  liy  |mrt]y  destroyini?  their  refractive,  powi-r. 

Such  lenses  consist  of  a  combinatioii  of  two  or  more  len80«  of  dlft' 
rent  sIih{k-s,  and  made  uf  materials  of  unequal  diKfHTsive  power;  M 
which  images  ciin  l>e  ]>riKliiced  unattended  with  prisnuvtic  pheuom <■'***■ 

The  HouMe  convex  crown-glass  lens  L  (acting  as  two  prisms,  h»»^ 

Pra.  H. 


to 


— N 


bAM)  will  reJVocI  tht>  parallel  linea,  HN.  to  its  principal  focus,  F.  »^ 
tendetl  with  tlie  prismatic  colors.      If,   however,   (he  donbtf  cvnatf^" 
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-glass  lens  T,  having  its  ooncantj  eqnal  to  the  convexity  of  L, 
ccd  in  the  position  a»  shown,  it  wUI  net  as  two  priKmA.  apex  to 
Spex.  aitd  reniler  the  ootiverging  mys  parallel.  In  this  oatie  one  ItuB 
jast  neutralixeit  the  other  in  ever}'  re^pecL  To  retain  a  [nrt  of  the 
jrfy«utive  vffevt.  auil.  at  the  same  time,  neatiulixe  the  prismatic  or  die- 
nivo  offfOt.  tlif  conoire  K-ii*.  T.  is  made  ofjtint  jfliisi*.  which  materiiil 
double  the  dispersive  power  of  crown-gla^  (411>),  may  be  made 
>DcaTe,  instead  of  doable  concave,  and  so  tti'll  nentrallze  thp 
■  ffect  of  the  double  convex  umwn-gtass  lens,  L.  while  it  will 
•nly  Art//  i/«  rvfrarlive  effort ;  iherefore,  in  ench  a  cnmhina- 
the  reAnotJTc  power  Is  eqmil  to  a  single  plano-convex  lens  of 
i-glatt,  of  the  same  curvature  aa  L.  Hence,  the  fmms  of  the  eom- 
tkm  will  t>e  at  the  ])oint  E.  doable  the  distance  from  the  leni^i  of  (he 
la  F,  and  free  of  prismatic  colore, 
forming  an  achrouieUie  conibiMaiion  the  following  conditions  mtt:3t 
obtain: 

tit-    It  most  be  composed  of  two  or  more  lenses,  formed  of  m4*diii 
ing  difTftirnt  dis]H'rsiv<,!  imwi'i-s- 
3d.  One  of  tlie  lenses  muEt  be  concave  and  the  other  convex. 
3d.  The  two  Icnwa  must  have  focal  leugtiia  directly  proportional  to 
disperaivc  powers  of  ilie  media  of  which    they  are    respectirelj 

SpOMd. 

|f  the  comhinaHon  is  made  of  crowu  and  flint,  glass,  the  focns  of 
rrvirn  should  Iw  to  that  of  the  Jtiuf  as  'i  In  3^  or  mther,  in  onli- 
caans  as  to  3  to  4 ;  since  most  specimens  of  flint-glass,  when  form- 
[Into  an  et|nul  pri^m  with  one  of  crown,  make  a  Rpectmm  whose 
iglh  e(im|>iin.-il  with  ibat  of  the  cruwu  is  as  4  to  3,  iustead  of  3  to  S, 
ftivrvtoforo  stated. 

Pia  4. 
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^^^.— Figure  6.— The  camera  obscura.— The  camera  ob- 
scura  06  tlie  uiuuv  imjjliea,  is  a  duik  cbitmU-r,  jmtl,  ia  a  portable  fom, 


Fig.  5. 


is  employed  to  t4ike  piotnree  of  objecfa.  Id  its  simplest  oonetruction, 
it  riHiiisists  of  a  dark  room,  provldt-d  willt  a  small  opening,  as  a  hole  in 
A  ghutl*r,  on  one  side  of  the  room,  the  wall  on  the  oppu«iti'  ^ide  scrv- 
inf;  as  a  screen,  to  receive  the  image. 

The  principle  of  \Xs  operution  Is,  that  the  rays  which  form  W\v  image, 
coming  tcom  any  object,  as  the  lower  H,  must  converge  in  order  to 
puss  through  the  o(vniug  T;  hence,  all  rays,  excvpt  the  axia.|,  neoee- 
sarily  crMs  each  other  us  they  enter  the  box  or  chamber;  and,  ■«  all 
other  rays  are  excluded,  an  inTericd  image  will  be  formed,  as  repre- 
sented. 

To  render  the  camera  obectim  {Ktrtable,  there  is  snhetitnted.  in  place 
of  the  room  with  an  aperture  in  the  shutter,  a  wooden  box,  with  a 
small  hulo  in  one  side,  with  a  ground-glass  or  j>a|)er  sereeD  on  the 
other,  upon  which  to  receive  and  trace  the  image. 

If  (he  box  b«  moved  toward  the  object,  the  image  increases  in  size, 
and  diminishes  if  it  bo  moved  from  it.  If  it  be  held  at  a  given  dis* 
taooo,  and  the  opening  movt-d  up  or  down,  or  to  the  right  or  left,  as  if 
the  box  were  held  by  a  central  point  within,  the  image  will  remain  the 
same  site,  but  be  shifted  about  on  the  screen.  The  image  is  reudervd 
more  distinct  wilh  a^roall  bote  than  with  a  Int^  one.  ttince.  in  the  Grst 
case,  rays  fVt>m  any  {Mrficular  part  of  the  object  fall  on  the  correspood- 
injE  part  of  tbr  imap'. 

The  images  an-  tin-  same  whaterer  be  the  shape  of  the  aperture,  pro- 
vidtsl  it  1w  qiiiti'  small 

The  imagvs  thus  formed  aiv  not  snfficimtly  distinct,  bnt  if  the  apcr- 
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Itnre  he  ntnde  Inrj^r  and  proxidetl  with  a  donblo  convex  Icna,  the  pio- 

biarc  will  l>e  formed,  on  &  screen  pliiced  at  the  focal  clUUnoe,  which  will 

r^iTi-eent.  with  grvat  liwinty  and  distinctness,  whatevur  is  in  front  of  the 

lens,  all  the  objects  having  their  proper  relations  of  poaitioUi  lights 

shadow^  and  color. 

This  instrument  affords  aid  in  nikutoliing  outlines  of  lAndscapM* 
bnildinga,  etc.:  but  itA  principal  importance  at  present  consists  in  its 
application  to  the  varioas  brandies  of  Photography  (487). 

The  camura  obscnm  will  Ijo  alluded  to  again,  and  it  is  thus  far  ex- 
plained in  this  connection,  to  a&xist  in  exphiiniug  the  construction  of 
the  eye  and  the  pheoomenu  of  vision. 

44^'  "^^  ®y®  *  camera  obscura.— The  eye  is  a  self-adjusting 
camera  ohiicnni;  the  eyi-lKiU  being  tlie  dark  chamber  or  box  ;  the  pu- 
pil, tliu  aj>erturL';  thn  ri'tiiia,  the  ecrecTL.;  Ilie  ci»nli/ntH  of  the  ball,  the 
lent.  lU  portability  is  evident,  as  we  always  have  two  of  them  with  us. 
Its  position  is  adjnutable  by  the  motion  of  the  head  in  every  direction 
on  the  neck,  and  by  the  partial  rot«1ii>n  of  the  ball  within  its  socket. 
The  size  of  the  pupil  or  aperture  adjusts  its«.-!f  to  the  intensity  of  the 
light :  the  humors  and  lens  adjust  themselves  to  vary  the  focal  distance 
to  the  retina  or  screen,  aiTCorditig  to  the  distance  of  the  object,  and 
they  have  neither  the  fnult  of  spherical  or  chromatic  aberration. 

By  thtse  various  und  wonderful  contrivances,  we  can  stand  in  one 
|xisition,  and,  without  moving  the  body  below  the  neck,  no  sH  and  ad- 
just thia  natural  camera  obscuro,  as  to  photograph  upon  the  retina  a 
perfect  image  of  every  object,  from  a  simple  speck  to  a  complicated 
landscape,  in  whatever  direction,  and  for  a  vast  distance.  Hence  the 
eye  moy  be  considered  an  optical  instrument  erabraciug  every  per- 
fection. 

44^-  F^S^^B  B.~Method  of  adjusting-  the  papU  or  aper- 
ture of  the  eye. — Tlie  circular  portion  of  the  tigurc  represt-nta  the 

iriti,  or  that  part  of  the 

eye  which  determines  its 

color,  as   black,    hazel, 

blue-, gray, etc.;  the  dark 

port  being  the  ajterture 
■  or  pupil,  whicli  admits 
[the  light. 

The  iris  is  provided 

with  two  sets  of  muscles, 

rudiatituj  and  circular. 

The  radiating  muacles, 

represented  by  the  wavy 


Fio.  6. 


Z5i 


oiTioa. 


rwlialiag  Hues,  will  contract  and  Lhe  ciroulor  oaes  expand,  when  tti« 
inteiifiityol'  tiie  light,  i*  i/ietcffirie>ii,  iiud  8o  enlarge  the  pupil,  that  mors 
rays  may  enter.  The  circular  mns^^leB,  rcpreaented  by  the  circles,  oii 
the  contrary,  contract,  and  the  mdiating  ooeB  expand,  when  the  Jnun- 
sityof  the  light.  '\a  ioo  grmt,  and  tliiis  i'xeliide  a  portion  of  the  light 

Tho  \'ariiLti()n  of  tta-  aiiw  ul'  ihit  pu]>il  may  bo  noticed  by  obaerriD^ 
the  eye  at  difftTeiit  distuncee  from  a  bright  light,  at  night  Ita  Hidden 
contraction  give»  puiii,  as  when  guing  imni<;diately  from  a  darkloi 
brilliantly  lighted  rui>m,  or  on  suddenly  opening  thtt  t<ye&  in  the  moni' 
ing  light  The  pain  on  such  occasions  is  ]karily  due  to  the  elfect  of  bn 
much  light  on  the  retina,  before  the  pupil  can  auffici«ntlf  cootnctto 
exoliidf  it 

The  owl  \s  unable  to  sec  by  daylight  because  he  cannot  cnntract  Uif 
pupil  tiuETiciently  to  prevent  the  blinding  effect  of  the  rays,  while  it  ad- 
mita  sufiiciciit  light  to  enable  him  to  £ve  in  the  night 

The  pupil  in  man  is  round  :  in  the  feline  tribe  it  is  7erticatly  etoit- 
gat«d;  in  ruminating  animals  it«  elungation  ia  horizontal. 

443 ■  Figure  7.— The  means  of  adjusting;  and  holding 
the  eye  in  the  direction  of  the  object.^Ttx-  dia^rrjiDi  rr'prcitriU 
the  exterior  of  the  eyeball^  F  being  the  pupil^  and  KME,  mnsclefc 
Tbeiie  and  other  muscles  arc  attached,  at  one  end,  to  the  eyeball,  ind 

at  the  other  end  tn  thf  liu-i 

^'"   "'■  part  of  the  bony  socket  By 

their  alternate    contnciii>>> 

and  ex]>anHiou  the  eye  can 

h«.-  tni-nrd  in  any  direction. 

necessary  to  direct  the  pupil 

toward    the    object    to  ^ 

viewed  ;  aa  if  the  Itall  "«" 

turned  about  a  central  poio^ 

within ;    while   they  ■er'* 

also  to  6rmly  hold  the  eye  i" 

any  given  poeition. 


44'^-  Fiff^""©  8.— structure  of  the  interior  of  Uie  eyo-" 
The  ligure  ehowi  a  horizuniiil  seelinii  of  the  eye,  the  upper  part  rep'*"'! 
aenting  the  side  toward  the  dok. 

The  principal  parta  of  the  eye,  not  alrearly  described,  are  ih»  tchrif* 
coat,  comect,  cAoroirf  coat,  retina,  optic  nertv,  crystaUint  lentt 
humor,  and  vitreoua  humor. 

I.  77k«  sclerotic  coat  is  the  outer  covering,  being  a  strong,  thi' 
opaque  membraue ;  that  which  is  called  the  whits  of  the  eye  bein , 
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of  II    'riiifl  memlirunt!  has  a  posterior,  sieve-lilu  opcttiiig,  T,  for 
he  Iranitnittfliou  of  llu-  liba-a  of  lIk-  optic  iierTC 
2.  Tht  ivrnea   a  a  trauspiiretit  oiembraue  which  is  joined  to  the 
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at  ail  opening  in  the  anterior  part  of  the  wleroUr  coat-,  itirough 
whirh  the  light  [insses  to  the  eye ;  and  holds  the  same  relation  to  the 
rkrrotie  wivertng  that  the  crj'stal  oT  a  watch  does  to  the  case.    The 
nnica  U  more  oval  tbaa  other  parts  of  the  baU,  a«  represented  in  the 
liagram. 

((.  77tf  ehoraid  toot  is  a  raecalar  membrane  lining  the  sclerotic  coat, 
and  is  ooveird  inteniatlj  with  the  pigmentum  nigrum,  a  dark  pij^ment 
rhich  darbi-ns  the  ehamlxr  and  prevents  iDlerniJ  reflection  of  li^ht. 
To  tlie  [-dgee  of  an  ii|K'iiing  in  tho  front  port  of  tlits  nii'mhruiie  m 
Ejriinvd  (he  outer  vdf^  of  the  iris,  RR 

I.  7'A«  retina  and  optic  nerve.    The  retina  is  the  third  or  inner  mein- 
Mie  of  the  eye,  and  i^nsist*  of  an  expansion  ur  spri-ailing  out  of  the 
ic  nerre.  into  mitliona  of  fine  fibres,  forming  a  whitish,  delicatt, 
tning  membrane  of  npr^'e-aiibstantv,  nixm  whieh  the  images  of  exter- 
nal (thjerta  are  fomii-d. 

5.  Thf  rrffiftalliHe  Irnf,  U  is  a  trantipurent  body,  of  llie  oousisteni-e 
of  gristle.  pU('<i?d  just  behind  the  iris,  and  is  euvfloped  in  a  truuspuFCQt 
membnuic  or  capsule,  which  adheres  by  itit  borders  to  the  ciliary  pro* 
c*M,SS.  Thf  iHw(t»?riop  surface  of  tbr  crystalHno  lens  h  more  eonvex 
th'>  Hiiterior,  an  shown.  This  lenti  in  made  up  of  sermtod  fibres, 
tDKcd  in  layerii,  which  increase  in  density  from  the  circntnference 
Ihi-  ivntrt'  of  thi-  Ifusi. 

A.   Thf  oipiffow  humor  is  a  trauRjMrent  liijaid  which  fiUs  the  spaoo 

rtwern  the  corntv  in  fhiut  and  the  erj-Ktallinf  lens,  U     U\  this  liquid 

■    'tie  annular  curtain  or  iris.  KK  ;  which  diridcti  thi«  Rpaoe 

rior  cbanilK-r  (U-twovn   tiie  coriiva  and  the  irie)  and  the 
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|HiaU<ri(ir  clmmber  (bolirveu  ibo  irU  uad  crystallinv  len«).     These  trs 
I'lihinlx'P*  eommunioat*  frwiy  irith  e»ch  other  llirotiglt  tbe  pupil.  P. 
7.   TTlo  riVr«/w*  Awmyr  is  a  transparvnl.gelfitinouB  flui '  "vlil 

nil  tlic  posterior  cunipartmcni.  »>r  the  i*ye,  whicK  iticlii-i 
hrbiod  the  crystalline  lens.    Thia  humor  U  enclose*!  in  Jeltc»t«  cvlltt- 
lor  tiasnc 
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444-  ^^^  lachrymal  or  tear  gland,  and  eyelid.— Thr  eye 

bviag  iieccasarily  MUBtttvt.-,  iu  urdur  tv  bv  dU»M.-|)tible  to  tht:  drlicatv 
impressioDfl  of  light,  requif¥«  to  t)e  kept  moist,  clean,  itud  thw  from 
iliist,  and  proUrcu-d  from  the  air  and  ti};bl  whiU-  wc  sU-ep. 

These  requirements  are  admirably  provided  for  by  thft  Uohmnal 
gliuid  and  eyelid.  These,  tAken  together,  may  be  colled  a  doUoat« 
washing  apparatus,  ever  at  work,  during  nnr  waking  hours  mniditm* 
ing  and  clcnusing  the  eye  erury  time  we  wink.  'I'be  gland  may  \m 
likened  to  a  sponge,  concealed  and  eituatcd  just  above  the  eye,  whnk 
gatliers  tear-fluiil  from  the  blood-vessels  and  posKM  it  down  '  '••; 

where  the  lid.  acting  as  a  soft,  suitable  cloth,  wipes  or  wash'  i  >u 

ural  glass  of  the  eye,  and  coats  it  with  aik  euentlal  film  of  moistuitk 
Without  winking,  nsion  aoon  becomes  indistinct. 

44'^-  ri8:ure  9.— Adjustability  of  the  eye  to  difforent 
distances. — That  the  L'rvt^taltiue  U-nn  must  adjust  iUelf,  in  unirr  ia 
vary  its  fix-ul  distance,  and  so  produce  on  the  r\'ifiiM  dt»- 
tiijct  images  of  objects  sitnated  at  diffcrrut  <!  U 

evident  fhim  the  laws  previonsly  explaincil.  i ..^  u* 

lenses. 

TliiH  viirlatinn  in  the  oonvejity  of  the  •  ■>* 

is  uceomplishfd  by  mi-ans  of  ilH  elasticity,  a:-.  :.-.  ...:^li' 
meiit  of  it6  meiubmne  or  capsule  to  tiie  ciliary  procMst, 
SS.  Fig.  s. 

Ia'I  L  represi-ut  the  lens  within  its  capsule  or  bag.  If 
t-he  case  or  luig  }»  faat<'ned  to  the  short  jmrallfl  linti^ 
:>iil1  ibi'E^  tiiK-8  Im?  Separated,  (he  lens  will  be  >  <  *l 

iiiil  Itattened  (shown  by  tht  dotted  linw),  tu  r» 

ttuuif!  of  Home  soft  elaitio  substance,  like  rubber.  If  thr« 
t-bi>se  points  of  aliuchment  be  brooght  neurvr  tagvtbtva 
ttie  lens  will  restore  itself  to  its  former  omvrsity.  The  distance  of  tbe 
lens  IVom  thu  rutina.  alao,  may  he  changed. 

44^^-  Op^t<^  axis.— The  principal  axis  of  the  uye.  oaflrd  tlis 

(fptintf  nj-iM,  Ia  a  *irat\;\H  liii«  [iBBttini;  thmiigb  the  ■■ 

tiun  Uiut  tbc  organ  u  iiymnictriciil  on  all  huleitof  :r  :i 
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line  jtwsiDg  throogb  the  oentro  of  the  comM,  pupil,  and  ci^taUine 
leofc  Linm  ilmvn  aeur  the  optic  axis,  vhioh  aru  aenaibly  right  h'nies, 
fire  Koondarj  axe&  Objrata  are  mxn  most  distinotly  in  the  priiici]Nil 
opiio  axis. 

^^r.  Optic  angle. — Tht*  anglo  rorniwl  by  drawirig  atraight  li'nfs 
fntin  ibi-  twip  cji'd  tu  the  object,  ia  called  the  'Vi/iV  nuijlr,  or  tlin  bimtr- 
ui/ir  paralUtr. 

TfaiA  angle,  iitid  ilinV'renoe  of  direotion,  will  be  apprtciutcd  by  look- 
ing at  an  object  lintt  witli  one  oyo  ami  then  vriib  tlit>  ulIut,  without 
moving  the  hnd«  which  will  cause  the  object  to  uppHreotly  change  ita 
poaitioo. 

44^.  Angle  of  vision  (Figure  8).— The  anglv  fonned  at  the 
cyt*,  hy  linea  drawn  from  the  extjvraities  of  an  object  to  where  tht-y 
cruttt  in  the  ejre,  is  culled  the  visual  angle  or  angle  of  vision. 

This  angle  bears  a  proportion  dimlly  to  the  linear  magnitude,  aod 
I'nirrv'y  to  ihe  distitnoe  of  the  object. 

1.  Iin-t  AB  bean  object,  imd  the  Hues  AN  and  BN  will  intersect  at 
the  «rc,  forming  a  certain  angle;  and  nn  image,  NX.  of  the  object,  of 
a  certain  hikc,  will  he  formed  on  the  ritiiia.  If  the  object,  AB,  were 
made  double  ite  length,  the  ritual  angle  and  the  image  would  Iw  twic« 
as  large. 

9.  If  the  object.  AB,  tw  pUccd  at  EK.  half  as  far  fVom  the  eye.  the 
rtiuat  aitgle  and  imtige  wiM  be  twice  na  hirge,  u  shown  by  the  dotted 
War*. 

The  reiwon  of  this  is,  thut  the  diterging  lines  depart  from  each  other 
in  proportion  as  they  »ro  extended  from  the  point  of  their  inlerseolion, 
an  rhriH'n  hy  the  objects  1.  'i,  iind  3. 

A«  the  fluperiieinl  magnitude  of  an  object  its  otf  the  wjuant  of  (be 
liu«al  magnitude,  the  apparent  duperficial  magnitude  of  an  ohject  will 
tn)  tHctrixltf  OM  ihf  fquare  of  tht  dixlance. 

Thf  mtattMi  visual  angle  ander  which  an  object  can  be  atsn,  with 
Che  naked  eye,  la  about  twflvt  $ecOHd9. 

'  '^^  InTersion  of  images  formed  in  the  eye.— The  oaintra 

I  (;tli)  (iitd  thf  iilriiitun-  »\'  (lie  t-ye  an-  ^Hfflei<^tit  proof  of  the 
nuoii  of  imiigt.-«  on  the  ivtina;  but,  for  ocular  proof,  tnko  the  oy« 
..:  ^n  ox,  cut  uway  the  {toaterior  |)artof  the  sclcrotio  and  choroid  ooala; 
fix  tiieeyn  in  an  opening  in  the  shatter  of  a  dark  room,  hmk  at  it  wtib 
■  «.•>  n-ninl  objeitts  will  be  seen  beautifully  delln- 

c«tc<i  ..:  -;.  -..luQ  on  the  n-Lina. 

ir 
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450.~-Vfla.y  we  see  objects  erect,  their  ima^s  bein^in* 

verted,  w  pxplnint-d  in  differi'iit  ways  by  different  philosophers ;  bo( 
probttltly  it  \it  hocaiiKc,  tlm  image  altpays  being  inverted,  the  mind,  br 
imconacioua  training,  is  habituateil  to  it;  lemming  from  the  begianing 
to  refer  the  im])ri!iMi(>n  it  reoeivoB  to  the  npright  [wsition  of  the  object. 

^Sl. — The  brightneBS  of  the  ocular  ima^re. — The  iDten- 
sitjr  of  liglit  (liniiiiiHheH  ii.-*  thi-  Bijiuiiv  <ir   the  Ui8laiie<'  it  iniTels  ii- 
cnaeeB;  bcc  Fig.  SO  (5**!').     Hcucc,  tiie  brightjiesa  of  uu  object,  hythia 
law.  would  be  inversely  as  the  squikre  of  the  diatiuice.    Theappareat 
etiperticial  umguituile  of  an  object  also  dimiuishes  as  the  square  of  the 
distance   increases  (447)-    Hence,  as   the    intensity  of  the  light  ^or 
hrightneas  of  the  object)  will  be  increased  by  the  apparent  dimino- 
tion  of  surface  over  which  it  is  spread,  in  the  same  ratio  that  iu  in- 
tensity will  diminUh  by  the  increase  of  diatADOe,  it  follows  thai 

7Vi(t  apparent  brightness  of  an  aijeelf  and  consequently  of  Us  im£^*t 
wilt  remain  wruttant,  tehatemr  may  be  the  dUUtnce  of  th«  oiijoct. 

45S.  Figure    10. -Indistinct   viaicn.— If  an   object,  F^   ^ 
brought  too  iicnr  the  eye,  nlv  wiihin  an  inch  or  two.  its  iinage  bevo: 
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Oimfuiod  and  indistinct,  because   the  rays,  flowing  from  it,  fiUl  t.*» 
divei^nt  on  the  erystaltin*  lena  to  be  le&aoted  to  a  focna  on  tA* 
n-lina. 

If  wo  could  Bee  objects  distinctly  when  plac«d  quite  near  the  eye,  wt 
should  be  able  to  oxaoiine  things  that  are  now  tnmible  at  the  limit  of 
distinct  vision  (-Ido).  since  the  visual  angle  (448)  vouM  then  be  ia- 
creased,  and  conwiquently.  the  image  on  the  retina  enlarged,  in  pro- 
IKtrtion  as  objert*  wrrv  brought  near  the  eye. 

8ufflol«nc7  of  Uliuninatton.— In  order  to  have  distinct  tumia. 
the  im«g<>  must  not  (^nlv  U'  w*-ll  iletinnl  gu  the  zvtiua.  but  it  must  not 
Im  so  flunt  OS  to  prodm^-  no  AMimtion.  nor  so  intensely  brilliant  aa  to 
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Hi*'  tl«-  vyv.  which  producfs  pain,  and  conaeqnentiv  dt^etroyB  dii- 
|iictne4«  nf  ri^ioD. 

^S.  Fiffure  11.— How  to  see  objects  c1ob«  to  the  eye.— 
The  jmiigM  of  objvct*  heiil   cloae  lo  tlie  eye  m»y  bt   rendtW  dis- 
tinct  hy  iiii<rroc'ptiiig  ilic  more  divrrgfut  rays,  Fia.  ii. 
mi\A  lho»  preventing;  ihoni  from  ent«.Ting  tlie  uye. 
Let  the  oliject,  P,  he  u  pin-head,  brought  cIobc 
lo  the  eye.    Interpose  a  pimc  of  \\a\>vt,  suiBcii'iitly 
Wt^K  Cii  shut  off  alt  the  light  that  would  Tull 
uwni  the  evi^  ami  admit  unlj  liadi  rays  us  will 
thruugh  a  pin-hole  iu  the  paper,  as  i^pr&* 
rated.    The-**  IVw  r»y«,  being  senaibly  parallel, 
will  W  couvcrgnl,  and  form,  on  the  rclinit.  not 
unly  a  distinct  but  an  enlarged   imagf.     Tlif 
hrijjhtnosit  uf  the  imBge  will  be  divtinitihed,  owing 
lo  the  pin-hole  bring  nnaller  than  the  pupiL 

4^4-  I'IR^t®  12.— BrilUancy  of  tIbIoxi  is  dependent  on  the 
nnmbiT  of  my^  that  tntir  the  i.-yi-.  tlmt  can  be  brought  to  u  focue  on 
the  rvtina. 

If  the  object.  P,  be  a  pin-head,  and  I^  a  email  doubh-  convex  tens, 
ic  8TP  will  receive  all  the  r»y»  that  would  diverge  between  the  two 
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lUcd  lin<«;  rvndering  th«  vision  more  distinct  than  if  only  thon 
fW^Ti-  ivivivpd  whicli  would  diverge  to  the  •■ye  without  th<.-  leni. 
lis  t*  I  he  wliylr  ilieory  of  the  single  microscope,  the  word  meaning, 
to  Ttrv  mall  tfaingt. 

4/jS.  Umit  of  dUtinct  virion.— Although  we  see  objects  at 
niir»'*,  mi«t  persons,  when   Ihey  wiah   to  ae« 
•bjt-tTl  dearly,  plaoe  it  fnim  >i%x  u>  (en  inches 
fntm  the  uyn.    This  point  is  uillud  Lli«  litnit  o/  dUtinci  piWion. 
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^U.  riffure  13.— Visual  rays  must  be  nearly  puraUAL- 

WhcQ  the  cjro  \%  M)just«<l  to  view  ouar  objecu,  th«  diiiOHrU'r  of  Uts 
pupil  being  only  utwut  ooo-tentli  of  ait  inch,  uiid  tho  linr'     ^ 
from  six  \o  U-u  inches,  it  will  be  fonud  that  tlic  iudc  of  UiV' 
fVoin  a  single  {Hiinc  trill  btt  lududetl  within  an  imglo  uf  fram  •> 
little  im^n;  tliaii  ime-/ialf&  dugrve.     ThvKfutv,  tlw  rny«  of  li-     ' 
bnl  dlightly  from  pttiniUvl  ruvo.     Whilv,  for  all  ubj(.'i!l«  murv  : 
raj8  may  be  conaidenxL  aa  panillcL 

Uenci',  Jistincl  vision   i>  obtained  ontjf  by  rayt  fkat  nr«  *r>i4)Vf 
parallel  or  eery  nlighily  diivrgeni. 

This  IS  illostraU-'d  by  the  diagram.     From  the  r\in-nmu-»,  km  vs 
from  all  oUkt  iwintB  of  the  object,  L,  rays  divi-i-ge  in  cxcty  »lln 
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hut  thi!  image,  T.  of  the  point,  U  on  the  retina,  ia  fbrni<-d  l.y  the  r. » 
nt-arly  |«nilli!l  rays  that  puna  close  to  the  wvondary  axis,  LT ;  lUid 
whni  in  truf  of  the  jHrinl  L  i8  true  of  all  othrr  poinU  of  the  ohjwn. 

A57.  Size  of  the  Images  on  the  retina. — The  actnat  aiu  of  the 
image  on  tb«  rvlina.ciii>abK*of  e^citinu  enimition  and  y  m, 

may  K^  exceedingly  small.  Fortrxamplc.a  hurtuui  liiur(-i..  ^  ..  itb 
tbv  naked  eye.  at  a  distance  of  Iwcnty  or  thirty  fivt,  yet  the  imaen  ia 
many  limwi  imitllpr  than  the  objpct. 

It  has  bfpn  estiutau-d  tliat  thi<  image  on  ihr  rotian,of  a  miui  mxn  ml 
the  distance  of  a  mile,  is  not  mott!  than  ono  llrir-thoDMUidth  part  of  ■■ 
inch  in  length. 

^."fS.  Figure   14. —Near-sightedness  and  lon^-sifrhted- 

nesa.— IVrmns  wlio  fti'i- i>t<jvrii  tii  very  sbon  diitiim-us,  wiy   It-**  il.u-i 
abuut  six  incbeti,  an  called  nrar-fiyhteti :  whllv  tboK  Who  Mr 
distinctly  only  at  a  grestvr  distauoo  than  about  twctre  inch"^  an  «»itl 
to  ba  Jo»g-nifht«d. 


ophob, 
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yMr-*iffhtMHMS  ifl  oouBed,  in  aotne  oases,  by  loo  mut^  eurvtUurr  of 
le  oomea  and  Rrystnlline  Ions,  by  vrfaicti  the  rays  or  Ugiit,  thai  rorin 
ke  imagp.an'  bruaght  tu  u  Ttx^us  bi'fortt  i\w\-  n-airli  the  retina,  wt  kIiuwh 
^  the  iinagf  T,  of  tlieubjeut  A,  which  falb  ehurt  uf  the  retina  The 
obJLi-t  will  be  «c6n«  bat  not  distim-ilg.  To  obtain  Uintinct  vision,  tbcrv- 
f  '  '  -Itjt'ct  must  be  brought  near«r  to  th«  eyv.  or  couokve  epectaclee 
.I'iiherof  which  meanfi  vill  trauae  the  rave  tt>  c-ritcr  tlio  eje 
with  a  gn-iitvr  drgree  of  dinTgciioi',  and  wi,  bjr  increanng  the  focal 
diiliuioc.  throw  the  image  back  u]riii  the  retina. 
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Lamff-^httdnrfu, on  the  contrary,  is  cantt^  by  loo  liUtt  curvature  of 
u-  tK.mwi  and  crjsdilHne  leug,wliich  tlimws  thi-  imajr^'R.  nf  the  object 
L,  Iwyond  the  retina.    This  dcfct^t.  therefore,  is  corrwiU-d  by  holding 
lie  objflDt  at  a  greater  distance  from  the  eye,  or  by  employing  uonrez 
rlra.  either  of  whirh  means  will  render  the  laya  Kwb  diver^nt, 
,UiHB  shortL-nmg  the  focal  distance,  will  bring  the  image  within  the 
tsjre  and  throw  it  upon  the  retinik 
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4'^IK  Figure  16.    Short-sightednesa  and  lons-slghtad- 
caoBod  by  defective  forms  of  the  eyeball.-  .\ltii.<ugh 
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thp  cortiftt  and  orysUlline  lens  have  the  proper  cnrratare,  and  all  fun 
of  the  eye  pusaess  their  uhquI  puw«rs  of  adjustment,  yet  Mhori-ngktet- 
neaa  tnajf  result  from  an  elungatiuu  of  the  t^yvliall,  which  would  Incaic 
the  retina  hejoiid  the  fWal  distaitce.  and  Lbax  out  of  the  reach  "f  th^ 
inuige. 

Long-jf^hltdncjfif  may  be  eiiniM!>d  by  the  shortening  of  the  dtanRirt 
of  the  eyeball  in  the  direction  of  the  optical  axis;  which  would  brinjc 
thL-  retina  between  the  crystalline  lens  and  its  focal  distance,  as  ohon 
in  the  diagram. 

In  case  of  elongation,  as  ahown  by  the  exterior  dotted  Iint>  K,  Uis 
image,  L,  would  full  short  of  \\w  retina ;  and  in  case  of  iA\<  u 

shown  by  thu  interior  dotted  line,  TU,  the  image,  L,  would  :  .1 

the  rotina. 

460.  Long'-siKhtedueBS  of  old  people  is  due  prineipally  !• 
the  loas  of  convexity  and  elasticity  of  the  crystalline  lens,  and  to  more 
or  less  diminution  of  curvature  of  the  cornea,  and  a  |iarUal  abaorption 
of  the  hnmora  of  the  eye. 

4-6  J,  OouditiouB  of  distinct  Tiaion  un-.  ux.  That  an  objtti  fm 

giluafft  ai  HMfh  a  distoHct  as  to /lUin  «»  image  nn  the  rtixmu 
'2d.    Thai  the  image  he  of  xomr  apprt'riahlf  magnUuiie. 
3d.  Thai  the  object  lie  Ku^cienily  UlumiaaUd  to  prod*ire  a  tthtiitd 

itnpTtuutioH  upon  the  retina. 
An  image  may  be  so  faint  as  to  prodiiee  no  Meniation.  or  it    mar  he 
inteniiely  brilliant  as  to  dojszle  the  eye,  destrajr  the  dixtiitrinf-^  ^f 

virion,  and  prodnce  pain. 

46^.  Sexuibility  of  the  retina  is  diminished  by  long  expanue 
(if  the  eye  to  intense  light,  and  increased  by  rerauiuing  a  lotig  tinttf  in 
feeble  light  or  in  the  dark  (441). 

That  that  pan  of  the  retina,  receivlufi;  a  very  bright  image,  vill  he 
t«m|K)rarily  itisensible.  is  shown  by  turning  the  eye  directly  ft-am  a 
hri^rht  to  a  dim  nhjeci,  when  u  dark  qiot  will  be  seen.  If  the  bri^l 
object  be  of  one  color.  tli<:  jnirt  of  the  retina  on  which  thfl  image  fiiUs 
iMicomes  insenitiblf  lo  m\«  of  i  hot  ci>lor.  but  not  to  rays  ofotlier  adoi&  i 

This  explains  thinptH^ranceof  rwrri/fter/irntorycolora  {i'lX).  For  ei- 
ample.  a  bright  nd  image  will  blind  the  rvnina  to  reil  light,  but  Imw  {I 
sensitive  l<i  the  ri-miiining  colors  which  make  np  white  ^i  .  '  whtm 

ri'il  in  taken  IVoni  white  light,  the  mmbiualiou  of  tlie  ml ..->  gvf^ 

a  gnvnish  hue.  Ucnoe,  on  turning  the  eye  Cn>m  a  bright  nrd  object, 
otht-r  objtH-le.  for  a  iiiom'-nl,  will  nppvar  ffrtvninh:  converaety,  if  the 
bright  t>bjtTl  b«-  (fm-n,  ittlu-r  (ibjcetn  will  appear  r«^. 
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^6S*  Oolor-blindneas.— Somo  persons  arc  anablA  to  distinguish 
jtvalall;  atttl  utlu-r^  litil.  iiuiitTorently',  while  some  can  detect  the 
ebUNt  tlifftJTf  arc  iu  ahmlcfl  of  the  wtme  color.    Some  uonfoiind  red 
gmi),  and  can  distiDguish  other  colore.    Pereone  who  cannot  see 
iv  diflV-rrnev  in  the  uolurs  of  the  gpectruni,  or  cannot  difitingoiak  be- 
tween anj  two  of  the  stinplv  colors,  are  euid  to  be  color-blind. 

464'  Sflbct  of  dilTerent  colons  on  vision.— The  distance  at 

whirh  nil  i>l»j><cl  ciui  U-  bccn  varies  with  its  cclur  and  thu  anxiunt  or 
illiiniinution.  A  whit«  object,  illumiuuted  by  the  ^un,  can  be  seen  ut  n 
di>>t«ncv  e4aa]  to  1T,ZB0  limes  its  own  diameter;  a  red  nbj^>t.  ubonl 
hair  OS  far;  and  a  hine  ohyic.t  at  a  distaucu  somcwh^tl  iess  than  a  red. 
OI>jk>ct«  ran  be  seen  abont  twice  us  far  when  illnmiuated  hj  direct  rays 
of  the  ran,  a«  when  illuminateil  by  ordinary  daylight. 

465.  Bfliacte  of  background.— Irradiation.— When  »  white 

object  is  si-t-n  against  a  iAack  grouiii],  it  appears  larger  than  it  really  is; 
while  a  bltt4>k  object  on  a  white  ground,  appears  mnaller  than  it  really 
t«.     Tllis  pffeet  iaenlltxl  irmtiia/ion. 

lliid  i«  ean)<ed  by  the  impre.ssion,  produced  by  the  light-colored  object 
the  rrtina,  extending  beyond  the  outline  of  the  image.    It  bears  thu 
ion  to  the  space  occupied  by  the  image,  aa  the  duration  cf  the 
dws  to  tlie  iluruttoii  of  the  image. 


466-  Estimation  of  distance  and  magTutude  of  objects. 
~    e  appreciation  of  thu  diatiince  anil  magnitude  of  objects  depends 
n  thu  visual  angle,  optic  angle,  c^mitHrisou  with  familiar  objects, 
and  dtAtinctnesM  or  dimnesa  of  the  image,  caused  by  intcr\-ening  uir  or 
TApor. 

The  Tisnal  angle  of  an  object,  na  previously  ahown  (441)),  varying 
with  the  distance,  can  afford  uo  evidence  of  the  size  of  an  object,  nnleas 
we  appriMMale  il«  distaoce.  We  muBt.  therefore,  know  the  diatanrt  of  a 
y  in  vnler  to  etitimatv  its  size.  Hy  knowing  it«  distance  we  instjno- 
nly  appreciat«  it«  size.  A  chair,  for  example,  at  the  oppodte  side  of 
has  a  vittuul  angle  only  half  at)  large  as  when  at  half  the  dift- 
I  n-e  cannot  make  it  seem  any  amallcr  in  urn-  part  of  the  room 
an  another,  if  we  try.  But  if  we  are»  in  any  way,  dtioeived  aa  to  the 
CO  of  an  object,  we  are  also  deceived  as  to  ite  sixe. 
i>r  the  means  by  which  we  judge  of  the  distance  of  an  object, 
I*  by  kuowiug  its  nsr.  Being  familiar  with  the  siie  of  many  bodies. 
m»  iDMi,  animals,  tree*,  etc.,  the  \n8ual  angles  under  which  lliey  are  set-n 
«nab|»  \H  ti*  entiumte  their  di«iance:  and,  knowing  their  distanci%  we 
-ly  eotimui^  the  mugoltude  of  odjaoeut  objeots,  with  whose 
■W  we  am  nut  fiuniliar. 
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This  Is  the  raaaon  why  the  moon  app«an  1u:g«r  beor  the  hotin 
llmi)  overhead.  Whf a  n^^ir  ihf.  horixoii  it  «e«in8  further  nff.  l)uauM  il 
ii  beyond  hII  other  objccU,  und  eo  wc  judgt'  it  is  larger  than  irba 
it  IB  in  the  woitb,  wbere>  there  are  no  intervening  objecta  to  nakeil 
BfipeBr  equally  distant. 

Wo  also  judge  of  the  distance  of  an  object  by  the  duf  i'mc/nmi  vift 
which  we  6e«  iL  The  brighlur  it  is  Uie  nearer  it  seemiL  II  tt  forcUt 
reason  that  objects  seem  largtu*  in  a  fog.  Their  indtstincttKM  m- 
pre»»es  us  that  they  are  far  off;  and  hence,  we  judge  they  an  lArgtf 
than  they  aix'.  It  is  for  this  reason,  too,  that  distant  objecta  awm  IM 
(lietAiit  in  very  clear  atmo«pheiv. 

Infants  rencli  out  to  grasp  the  blazo  of  a  candle  which  i*  many  ftvl 
from  tbem :  showing  that,  wilhoni  experience  of  touch,  they  haw  no 
notion  of  distance. 

The  ftptic  angle,  or  binocular  parullai  (-147),  i«  an  esaential  neuuii 
appn-t-'iatiug  diatanct'.  This  angle  increases  or  dimiuisheo  itiwrwdy  ai 
the  (listauce.  Tiie  etibrt  we  make  to  turn  the  eyes  iuwurd,  tv  vary  thf 
optic  angle,  or  converge  the  optic  axes  of  the  two  eyes  npoii  th«  obJMC, 
gives  us  an  idea  of  its  distance. 

4G7.  Why.  with  two  eyes,  we  see  objects  **Tg^^. — 
Though  an  image  of  an  object  h  formed  in  l>otb  eyvb.  yet  v«  aer  iMt 
the  one  object.  This  ia  accounted  for  by  the  bifurcation  of  the  optic 
nerves.  That  is.  the  optio  nerre  from  the  rigbl  lobe  of  the  brain  aead* 
a  portion  of  its  tlbrce  to  each  eye,  and  alao  sends  some  branches  arnMa 
and  backward  to  the  leil  lobe  of  the  brain  ;  and  a  poruon  of  the  oplie 
nerve  from  the  light  eye,  instead  of  prooeediug  U>  thv  bi  .  '^x% 

around  to  ibc  optic  nerve  and  rettua  of  the  lefl  fve.    Th<- ' '  f-vr 

of  tlm  left  side  is  related  to  that  of  the  right  side  in  the  name  manner. 

Ill  this  way  a  perfect  sympathy  is  establlshiHl  licrwcen  the  two  ^jm, 
the  inner  aide  of  one  corresponding  to  the  outer  aide  of  the  other.  A4 
the  images  are  always  formed  with  tbnir  centres  at  tlic  tienlres  (»f  the 
ryes,  the  right  and  left  porta  of  the  inuiges  will  be  uu  oorrtiK|MiDdiBg 
part^  of  the  eyes,  and,  therefore.  Uicy  will  appear  ait  onc>. 

by  pn-Hsiug  the  finger  ujion  the  eyeball,  the  imap^-ji  will  not  full  apm 
oorresponding  i>ari»  of  the  two  retime,  and  the  object  is  Rceu  duubte. 

^68.  I>ouble  vision.— Itoth  eyes  being  llxcil  steadily  upon  one 
object,  any  otber  olijn-t  seen  at  the  Hune  time  will  be  seen  doubln. 

Fix  both  eye«  upon  any  near  object,  and  a  })eacil,  hekl  between  (he 
eyes  and  the  object,  will  appear  double. 

Any  oanse,  A£  dmnkenneas.  diseaae  of  the  nerves,  etc.,  which  i^vTeiiU 
the  eyrji  from  being  steadily  fixed  u|K)n  the  same  objed.  will  cmuse 
double  vision. 


opTive. 

^B9.  Binocular  vision.— I'bough  a  pictnre  of  on  object  u  formed 

Uie  ivtinn  of  ctM:h  vye,  yet  the  two  pictun'x,  nntwithsUnding  tliej 

irmed  tnin  thu  same  obj»c-U  are  not   preoisvly  alike.     ThiH  is 

W!  Iho  objeot  is  not  observMl  from  tlit*  same  iioiut  of  vivw  hj 

If  a  t)>in  book,  for  otnmple,  be  held  up  iHlgewafs  to  the  wntn;  of 
id  a  few  inchi*-*  from  the  fucf.  ouo  vye  will  see  one  side  of  thf  book 

and  the  cither  eye  the  other  side. 

If  au  orul  object,  like  a  bottte,  be  held  before  the  face,  boUi  cyo«  will 

wev  some  portion  of  it.  while  each  eye  will  see  eome  parta  of  it  that  the 

(ithvr  mniiot  itec ;  80  that  wv  partially  see  aronttd  the  bottle. 

n'hile  the  mind  is  impressed  with  the  idea  that  there  n  but  one 

fibject,  yet  the  jnd^meot  tiuiurally  dct*jrmine^  the  object  to  be  a  pro- 
wling body  (see  495). 

,^T0.  I>aratloii  of  impression  upon  the  retina. — The  im- 

m   made   by  light  on  the  retina  does  uot  ceasL'   in):<luiitly,  on 

>vttig  the  light,  but  laata  for  au  eighth  of  a  aeeond  or  more. 

lighted  stick,  as  every  one  has  obeerred.  whirled  rapidly  around  a 

appears  tike  a  ring  of  fire.    The  mpldity  of  revolation  required 

lnc«  this  impression  is  one-thitd  of  a  aeoond  in  a  dark  room,  and 

ke-ffixth  of  a  soeond  in  the  daylight    It  is  owing  to  the  continuation 

the  impression  on  the  retina  that  the  seven  simple  colors,  revolved 

_au  a  dink  (-131),  prudnce  white  light:  and  that  the  epokef!  of  a  rapidly 

k'olving  wheel  cannot  be  distiugaiehed. 

Winking  does  not  interfore  with  distinct  Tision,  because  the  act  of 
inking  rvquires  less  time  than  is  needed  to  remove  the  impression 
)m  the  retina. 

471.  Optic  toy«.— It  ti  Hpon  the  principle  that  impressions  rft* 
on  the  retiim  for  a  scntiblo  length  of  time,  after  the  objt'ot  has 
dianged  ilo  plan.',  that  optical  ioyg  are  oonetructcd,  and  pyrou>chnio 
vxhiUtious  owe  their  eOeot. 


47s.  Time  reqtiired  to  produce  visual  impressionB.— 

If  ao  object  moves  ncnwa  unr  vision  with  gr^-at  VfUicity.  at«  a  proji-cted 
iDon'ball  or  ritlc-hall,  its  image  does  not  remain  on  the  retina  long 
iBgh  to  produce  any  impretwion. 

Hutktns  describing  lees  than  one  minute  of  arc  in  a  second  of  time 
Mv  not  appreciable  t<^  rnt.  Ilenoe,  we  cannot  {h-nvivtt  the  movement 
of  the  kour-hand  of  a  clock,  or  the  motions  of  the  bcarcnly  bodiea. 

^7J.  BenBatlons  of  li^ht   may  be   excited   by  other 
I.— Tbr  sensation  of  light  may  be  excited  by  anvthing  which 
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can  excitfl  the  optio  nerve.  An  elecirio  ahoek  iiciit  throoffh  thi?  vjr 
prodDCCS  an  iippan>tit  flmth  or  tight.  If  u  jiiecu  of  ziuc  U-  pUux'i  in 
the  month  uad  oue  end  uf  a  silver  pt-ncil  iR'ld  in  tbi^-  uorour  of  ihr  cyv, 
II  (lush  will  he  i>xperii>iic«l  when  Uiu  Bilver  and  sine  arc*  hrougbi  in 
ooiitacl.  Pressing  the  evebaUs  with  the  Hngcre  producva  a  lumiiMMU 
image ;  oud  io  will  a  blow  uo  the  head  enable  U4  to  "  aee  itofB.^ 


oPTrrm.   iNSTntrMEWTS. 


474-  Variety  and  principal  cuma  of  optical  bwtru- 
ments.— There  are  tnanj  kindii  of  optical  instrammta,  rar^nn  in 
con^ttruction  and  nifl^itude.  ft*om  eimplt  ej^-^Uasc'a  or  spMUclei  la 
te]ivco|K-t)  weighing  many  f^iiiB,  and  cosiing  hundn^iof  thounndiof 
dollars. 

Though  the  unaided  eye  extends  its  limits  far  and  wi  '-    * -■'  'he 

rvach  of  uur  ulhor  tii^useo,  picturing  on  thu  brain  an  ini.  >f 

obJM-t^,  yet  onr  unaft^istf-d  power  of  vision  in  limited,  in  it«  «itMenr>- 
tions  of  the  Toat  6eld  of  aature,  to  a  mcr«  speck,  compared  aitb  tka 
8co|M>  of  onr  senses  aided  by  rai'inng  optical  innirumenta. 

The  mirroiK-njie  (the  won!  meaning  in  view  small  things)  liaa  naAt 
DB  tuicpmiuti^d  with  a  world,  which,  thuiigh  tou  minute  Ui  he  i»ra  with 
ordinary  eyes,  \&  filled  with  ^rvatur  curiooitiva  luid  wundtTB,  and  with 
more  iniiK)rlant  oiwratiouB,  tlmti  all  we  can  sw  by   i 

The  tflffco/t'  (the  word  BigniCying  to  dee  far  off)  h  >  ,    _     .-tr 

for  ug  to  bring  to  view  ootintless  worldd,  whioli,  though  of  troiiieai> 
magnitude,  were  beyond  th«  reach  of  onr  vision. 

With  the  aid  of  the  catwra,  instead  of  fMintituf  ptcturca  wp  print 
them  with  rays  of  light 

/rnwf.  or  eve-glaases.  ttie  skill  o(  the  ardat  is  n 


nplf 


and  the  dim  oight  of  old  age  ia  n-puired. 

476.  Spectacles.— The  moet  common  and  timplv  uf  a1)  optical 
instrumenui  aro  tpectaolea.  The«o  are  c-mployed  lu  rvnicdy  the  tlnfisct* 
of  eyee.  The  prineipleg  involved  in  their  tipplication  Wen*  iocplaio«d 
under  the  head  of  Bln)rU»ightedoe«8,  etr.  (4&9). 

Mieroaco|H»,  Op«ra>s:laaaa«,  Xto. 

476.  The  almple  mfcroecope  ix  n,  ■tmple  double  convex  Icim^ 
nf  abort  foeal  disiatioe.  Them'  are  railed  mngnifying  gUcMC,  and  M* 
uaed  lo  magnify,  to  on  ordinary  extent,  nnall  objeoti.  Thpy  are  rm< 
plove«]  by  variong  lu^igang,  as  watch-makerB.  eogmnra,  etcw  who^f 
lalxini  atv  [j>.Tformed  on  minute  atronture*. 

Such  lcn»e«  may  !>>•  used  single  or  double.  They  are  aanally  m-i  m 
a  rim  provided  with  a  handle,  or  lixvd  in  a  tliort  cylind*^r  of  ivorr  or 
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burn.  Soch  ■  msgnifyiiig  glass  is  seen  ut  U  Pig.  l^  (4M).  Tln^w 
insLntmt'nls  uvcapv  ii  plucv  Iwlweeo  fipeclacles  sud  rvgular  microsoopt-s, 
impuseU  of  ft-vt^ml  pai'U. 

Magul^ing  power  of  a  lens  is  found,  for  ordiourv  (mi-pDH's. 
tiy  djvidiug  ten  iiictu's  ^Mie  Uiuit  ul  distinct  vUiou)  by  the  distttncc  of 
the  principHl  focal  diattincv  of  tlip  lens. 

In  Qsing  the  eimplf  micri>scoiio  the  objrat  is  pUoed  a  little  ntaixT  the 
^ns  ihun  tlic  fuiiil  distuocu,  in  vhich  cue  the  divergent  rays  from  tht- 
bjrct  will  bf  ntiidf*  to  pass  tu  Ute  eye  as  ]»arsllul  rays,  and  the  object 
in  »i^iear  as  hirgc-  as  ifthe  eye  wen-  pUccd  al  Ibe  optical  rentn>  of  the 

,  a*  shovn  by  Fig.  U  (454). 
IT  tiw  lbi?vl  di^uce  be  half  au  tDcb,  Ibe  magniiying  power  will  be 

477.  Figure  16.— The  oompound  microscope  contfislaessvu* 
Ily  «f  a  iliKit'lf  t^-onvex  len»,  h,  '-all'.-il   the  vt/jrii-i/lnggj  and  »  aewad 
double  cooTox  lens,  F,  of  larger  nse,  called  Che  eyt-pitce. 


Th*  oUjfvt,  A,  18  placed  n  little  beyond  the  principal  foon»  of  Oie 
Kjwt-Klaiis  L.    This  Ien»  pnxluc*a  u  real  imi^e.  N.  which  \n  inverted. 

le  ■:-y«>.pi«^  or  lens.  F.  is  so  placed  that  its  principal  focnd  is  a  little 
PTond  the  imape  N.  This  then  acts  as  a  simple  microscope  and  mag- 
Ifi4-H  the  im.i;:e;  canning  it  to  appear  as  anrtnnl  image>,  in  the  situa- 
of,  and  aa  large  as,  S. 

The  lemeA.  of  course,  are  made  achromatic,  to  aroid  priimmtic  colon 

»>. 

A  goo*l  mognifTing  power,  of  length  and  hivndth.  i«  6Ctfi.  which.  I^e- 
■'jtinntd.  giTei  in  inrface  360.000.    If  the  power  be  greater  than 

-  l.«L 
ij      ..  II  tninBiwrerit,  ix  illmninated  with  a  concave  ijiirmr: 


■im 
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vhoii  apaqoe,  It  IB  Uluminatcd  bj  concentrating  light  npon  it  iritli 

The  microscope  is  employed  in  the  study  of  botany,  entomotogr, 
mmtomy.  pliysii>U>gy,  mid  for  many  purposes. 

To  find  the  {x>wer  of  u  compound  microscope,  muiiiptt/  the  pQtMti^ 
thf.  ohjiirt-tttt$  by  th*  power  of  fhe  et/e^UiM. 

478.  PigTire  17.— The  magic  lantdrn.— This  is  an  l^lptr»tlu 
Tur  prujectiiig  u\y<.m  a  ec-rcfu  fiilHrg4.-d  images  of  objects  painted  ongiMa 

Pro.  17. 


It  consists  of  a  dark  box,  in  which  a  lamp  is  placed  before  a  panholic 
reflector;  the  light  being  concentrated  and  refl«;t«»d  npon  a  platuMnn- 
vex  Jens  L;  by  which  it  is  Turther  cimocnirattMi.  and  directed  upon  lli^ 
object  painted  npon  the  glass  slide,  ingened  at  FK.  The  magnifrin); 
lens.  T,  is  placed  so  as  to  throw  its  focus  a  little  beyond  the  obji^t. 
which  forms  an  image  of  the  iltnminat«d  picture  npon  the  screen^ 
placeil  at  its  i-onjiigHtc  focnsL 

The  magnifying  power  is  eqoal  to  the  distance  of  the  screen  frow 
the  Ions  T.  divided  by  the  distance  of  the  lens  from  the  object.  There- 
fort-  the  power  of  the  in»tmment  de[)ends  upon  the  lens  T. 

To  provide  for  tiie  adjostmcnt  of  magnifying  lenses,  of  diffcreo^ 
pi>wer8,  to  ihe  painted  objects,  they  are  held  in  ■  slide,  T. 

The  picturt-object  should  be  inverted,  in  order  that  ita  image  tt%^^ 
appear  erect. 

479,  Figure  18.— The  solax  microscope  differs  in  prii 
pie  from,  the  magic  lantern,  only  in  the  method  of  illnmioatiog 

It  is  oraatly  emplored  for  prodncing  on  a  screen  images  of  naC 
ol^jecta^  ItiRlily  magniSed. 


opTias.  aoe 

It  i<  itHfontnl  in  a  dark  nmnii  befoiv  an  opeDing  in  a  shutter.     A 
IB  mirror,  M,  Iwiog  arranged  uuUiilc  ihi*  ahnttt-r  in  such  a  pcwiliuii 
ire  tlif  dirt.t-t   rayt>  of  tht.-  fiaii.  and  reSvct   them  tbrougli  tliv 
Ng    l^DS  11,  wliic-b  highly  illuiiliDaU>8  die   ubjeel  A,   Ihe   ulijt-i'l 
adjusted  to  the  fociu  of  the  magnirying  lens  L,  and  agreatlvon- 
iioagVt  fomwd  at  the  conjugate  fouus,  will  bt*  received  upon  a 
BuitJibli!  white  BcrtKU,  H. 

Pio.  la 
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Tl  -■  leuB  niflT  be  a  bihuII  globule  of  glass,  or  u  compound 

phi'  I  -jilaae  of  aht^rt  fwus.     The  ^wwer  of  the  iuslruraelil 

p|Hiid«  upnn  thU  lena. 

Initi'-a*)  of  illuminating  tho  objoct  with  light  nf  the  gun,  ei«fitrie 
ght.  «r  (bf  oxyhyUr-igi-ri  light  may  be,  and  ofk4>n  is,  employed,  and 
riih  gn-nt  effect  For  s*ime  pnrpi>se«, thia  i«  superior:  being  free  from 
le  beat  that,  atteni]^  a  uonoenlrutioo  of  the  solar  rays,  animalcules  are 
■ot  m  wMi  ile«tn>Tt.-d.  and  the  instrument  may  be  used  in  any  plate 
id  at  any  time. 

Upon  th«  <creni.  8,  is  reprewnled  a  maguiScd  drop  of  vinegar:  the 

n,  snakr-lilce  insMts  being  sometimos  magnified  to  the  length  of  two 

lhr(«  feol,  which  arr  sfi-n  Rwimming  in  every  <lin-<^lion. 

Not  only  are  snmll  objocia  brought  to  view,  but  minute  optraiium 

mre  distinctly  exhibiteil,  as  thf>  mamvuvrea  uud  habita  of  insects,  the 

circulation  uf  the  blood,  the  phenomena  of  cryitallixation,  and  a  great 

ieiy  of  Nature's  processea,  which,  to  the  unaided  eye,  would  forever 

tmnln  nnobiKirrfd. 

■  '  ■     '<  ar*  helJ  in  position  by  i*uitable  coiiirirancee.     Live  in- 
.  fiitfl  ones,  and  dn>])s  of  liquid  lilhil  with  tiuiinalculH>,  dif- 
mt  kinds  nf  TOgutablv  substances,  animal  tissues,  etc,  constitntu 
llvrt^ting  ubjrvUk 
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480.  Polyrama  and  dissolving  views.— The  polynima  con- 
siflU  of  a  iluubk  niugic  lantern.  'L'he  tliwolviog  views  aru  ubtained  b; 
using  both  lanU.>i'Q& 

If  a  scene,  jfaiiiU-d  by  inoonliglit>  be  put  opoa  one  ^d^  in  the  lantern, 
iiud  a  painting  of  the  saiitu  eccne  by  daylight  bu  pnt  uiKni  the  other 
side,  of  course,  lirst  on«  scene  and  (hen  the  uther  can  tie  throWD  upon 
the  screen,  by  altt-rnatoly  covering  and  uncovering  the  two  tnbes  of  the 
lantertia  But  by  gnLdually  cut-ting  ofi*  the  light  from  one  picture,  and, 
at  the  game  time,  gnulnally  admitting  it  to  the  other,  the  first  will 
insensibly  fade  away,  whilst  the  other  afl  inseniiibly  grows  brighter,  lo 
this  manQL'r  all  the  ulfects,  intermediate  between  full  daylight  und  ful! 
moonlight,  may  be  obtained  in  suuceaeion. 

4s  1.  Figure  19.— Opera-g-lasses.— Theopere-glaM  coD8irt««»> 
».'ntially  of  a  eiinvex  i)bji>ft>l('n«i,  which  c-oHfrtA  the  rays,  and  u  concave 
lena  as  an  eye-piece,  by  means  of  which  the  rays  from  each  point  of  the 
object  art}  rendered  parallel,  and  thue  capable  of  producing  distiaot 

vittOD. 

Fta.  19l 


The  object-glass,  N,  oonrergei  the  ray«  coming  from  the  object  A, 
u{K>n  the  concave  eye-glass,  Ij,  by  which  the  converging  mys  are  ren- 
deifd  glightly  divergent  before  entering  the  eye,  an  though  emanatinj; 
From  the  position  T,  at  a  distance  of  distinct  vision ;  the  image  being 
virtual  and  ereoL 

The  large  object-glass,  of  long  focal  distance,  and  the  eye-piece,  of 
short  focal  distana'.  are  plaood  at  a  distance  apart  eqnal  to  the  differ- 
ence of  their  principal  foci,  which  collects  a  large  number  of  raye  from 
the  object  and  brings  them  to  such  a  state  of  divergence  as  to  prodnce 
distinct  vision  in  the  eye. 

As  the  eye-piece  is  concave,  the  minifying  power  of  such  an  instm- 
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ment  is  foand  by  dtridinf;  the  principal  focal  -distance  of  the  conrcx 
lens  bv  the  principal  focal  distance  of  the  oouvave  leus. 

This  iugtrimieiit  mum  lirnt.  iroiiorructcd  I'V  (Iu1ili-if  und  uuiplojreU  as  a 

^tol«r8C0|ic ;  hence  it  is  called  the  OnliL-an  tulescope. 

^H  Wh«n  tmplo^'Ml  as  an  upuni-glatui  it  is  hukIu  duublu  to  pru%'idti  for 

^Both  eyvJi. 

f  j^2.  Night-glasses,  employed  bj  Mam^n,  have  the  Rame  con- 
stnictioD  as  u[H'ra-ghia.^<d,  except  thej  are  larger  and  have  less  magni* 
'Qring  power;  tht>  ubject  lieing  to  concentrate  a  largii  amount  uf  light 
iu  Buob  a  Dondition  lu  to  allow  of  distinct  vision,  to  eaalile  the  obeenrer 
see  objects  distinctly  at  nigbt. 
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The  Camera  Obccura. 


^8S.  Figure  20.— The  camera  obscura,  as  employed  by 
arttata  for  tnu-ing  landscapes,  etc. 

Having  explained  the  gent-ml  principles  of  the  camera  obscura  in 

I  connection  with  the  descnption  of  the  eye  (4^9),  it  only  r<-main«  to 
Blow  the  matmer  in  which  it  is  adapted  to  \ha  nae  of  the  artist. 
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Id  the  dark  box  is  prnvidM  a  plane  mirror,  M.  inclined  at  an  angle 
of  4.^°,  npon  which  the  rays  S,  cr.ming  from  the  object  or  scenery,  are 
Fvceived,  and  by  which  they  are  reflected  upward  to  a  glaas  plate  or 
tmni«parent  screen,  npon  which  is  laid  the  paper  V,  and  on  which  the 
tracing  is  made.  The  Icna.  in  L.  givea  the  proper  conrergeuce  to  the 
rays.  The  box  ia  placed  on  a  stand  or  any  convenient  supports  The 
cover,  T,  serves  to  protect  the  glass  screen  when  the  inatriunent  is  not 
in  UM. 


■tTl 
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4^4'  ^iffure  21.— Another  form  of  the  camera  obecun« 
— Upon  thv  franie,  FF,  is  mouutvU  u  liuhzuntiil  buod-picce,  in  trhiuii  la 
p,,;  o|  lilted  tk  yhkuv  iiiirrur,  M.     Tu  Kiehide 

lilt  ligbU  u  litiick  clotb  is  Uironti  in** 
(bt-  rninie.  Tbe  rujd  of  tbc  obJK't.  .i.  ar 
Btvnery,  arc  n>c«ivfd  upon  ttus  Biimr 
and  roftiHited  througb  thi;  len*,  umI  n> 
o'ivt'd  ti|Hin  lhejwp(!r  bid  cm  ilf  iMe. 
II,  lidow.  afl  ghuwa.  Tbi:  lijit  u  Ixid 
ill  u  eliding  tube,  TT,  iu  rrndrr  iu  birw 
iidjiiiftablf.  IlifTfn'iii  lrIiK«  ■»■  rti> 
pli'ved.  Tlir  nrliet  wuU  ItitUMlf  wvl't 
(lie  cloth  {not  sliuvn)  tfarvvu  tyt*r  thi 
fhime-irork,  FV. 

48ri.  The  camera  luddA  u  «a< 

otliur  iii8triiiin.-in  t-nii»l<»>wl  fur  ekt-tclh 
ing  from  natiirv.  Ii  c4tii(iiaU  of  a  (iriitii 
liuviiig  onu  right  unglf  and  two  mit'ln 
yf  IX'i'',  by  which  total  rctl.-ntkm  (3!W) 
riikeA  plnoc- ;  or  the  priem  may  have  ou 
rigbl  unglc,  mid,  oppoaitj*  to  thif,  u 
Aiigif  of  ISfi".  mid  two  olht-r  ongli-tt  of  67)°  aiclu  In  tliiji  cuw  thr 
l:ght  will  be  twice  totally  rcflectod.  entering  the  eyv  in  tfau  direolicdi 
in  wbifh  ihi-  nbjwt  will  be  wen.     Hvnco,  the  Jn-  ■   mny  Iv  » 

plact^d  that    the  object  wilt  be  «een  uii  the  |i4]»  <'  it  i«  1t>  be 

traced.  Thr  dimenwon^  of  the  imngc  will  be  lu  mnch  xntftUrr  tl«i 
thow  of  the  object,  im  tbo  distance  of  tht^  pri»m  from  tbf  r  <  '  ^ 

thnn  ite  disuinue  from  the  objerl.;  thi-n'fijrr.  liy  varying  \^>  >r) 

of  the  prisoi.  the  size  of  the  imige  um  bv  varied  tu  mil  the  oouuiDt. 

4S(i.  Daguerreotyping  ix  the  art  of  prodncing  pictnri'*  by  ilt>' 
octtnir  or  ebaintcal  ootioti  of  liglit;  iitvolviitg,  bosid<fl  Uie  chcauoil 
action,  all  the  priiiciplc«  of  tbc  (niincn  obiionrii. 

Instead  of  receiving  th<*  image  on  a  jicn^^n  of  (uipcr,  to  h«  tnuvd  vlih 
pen  or  jiencil,  it  falla  on  o  mt'tAlllo  or  gluw  pliit^.  yrvv  u- 

ntive  tu  the  a4ttu>ii  of  light,  by  iodine,  bnimiDC,  nr  nLbt-i  . ..  |r- 

amtiun.     The  action  or  the  light  upon  thu  cbr<ni!aUtf  »  bh  •) 

certain  chemical  tn^iitnient  ot  the  plate  by  (he  artilt  Id  thv  dark  l»Uii»> 
tory,  the  inutg-^  is  fiirthor  dcrtlupM  nnAfUttL 

The  dagnerreotTpe,  ainbmty|w,  oryiitallotypo,  etc,  uv  thus  pmduoed. 
Of  connwt,  thm-  are  minor  dbtaila  connooted  with  Ihci  art,  wbldi  it  h 
not  neoi'iMary  lo  describe. 

The  achmmarlc  compound  Ifinii  ia  employed  in  the  camem. 
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FT".  PhOtOflrraphy  ia  tla*  art  of  Qxitig  u|K)Q  (laper  the  picture 

lur<Hl  hr  itif  fnm*Ttt.    If  tli«  pictunj  l>e  t»k<-n  h;  tlie  camera  u|>oti 

it  hn*  l.hi*  lijjhts  unci  jihswlos  rrviT*-*!,  aud  is  called  a  neijuiivr.     By 

ring  ihf  ncgntivr  tipim  chorai™!!}-  pn-pttred  paper,  (lio  aciinu  nf  th* 

ilighl  rorerHs  the  positioa  of  the  lights  nod  Hhodows  of  the  picture 

tliu  jKipfr,  wliifh.  bviug  llxed  by  further  cUetnical  ttvatiuent,  may  In- 

lt«d  on  Liird-lKianL  for  use. 

)T  ntiniher  uf  copies  may  Ik'  made  or  prinM  Oom  th«  tame  uvg^- 


Telescope*. 

fStH.  The  different  kinds  of  telescopes.— A  lo|paoo]K<  ia  an 

tiuMl  in^iriiiiu'iit  fur  viewing  ul>ji.>ctit  ut  mMn*  than  ordiniiry  distaof^s: 
i.  iu  etTL-cl.  to  hritig  them  appureuilr  uc-anrr  [u  ih«  vyv,  by  iiicruming 
uppan-nt  angles  under  which  such  objects  are  seen, 
relescopcj  are  tirst  divided  into  two  claMU,  rffraciing  Ute»cop*9  and 
ctimg  lelfnettpi'x. 
In  th(?  Brat  clase,  an  objfci-tens  ts  used  to  form  an  image;  in  the 
dass,  a  s[KH>nIiini  nr  niirrnr  in  cinplnyod  fur  ilils  pur|Hi«e.     In 
clasKS  the  image  ihiid  funned  \i  viewed  by  a  Ivns,  or  »tmliinati(m 
7XMie*,  termed  the  eye-pieoe. 

'hv  manner  in  which  tlie  component  p.irt«  are  arrangwl,  together 
thi-  Dniure  of  the  auxiliary  pietva,  deu^rminea  the  particahir  kind 

^SO.   FiB^ure  22.  —  The    refracting'   astronomical    teie- 
•Oope. — This   inslnimeut   eomsiBlJi  i-osviitiully  of  two  convex   lenses, 

»!  one,  [>i  being  the  obj^ct-jjluss,  and  the  other,  N,  llie  eye-piece. 
rh«  peucltif  of  mys  coming  from  the  object,  A,  areconvergecl  by  L 
a  ftiCQs,  forming  the  real  luverU'd  image,  T.    Tlie  eye-piece,  N,  U 

Fio,  S3. 


pUced  at  a  diptanct>  from  th>->  image,  T,  e(|aal  to  ite  pnuripul  foiul  dis* 
The  |wneila  of  Jighi  fi-oni  this  image  arv  relVucteiL  and  cim- 
to  the  eye.  so  as  to  form  a  Tiaaal  angle  many  times  larger  than 
WL-ru  viewed  with  the  naked  eye;  and,  oodsi»- 

^. ij,.    . ,  J    trs  to  be  magnified. 

IS 
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All  t«le«copcs  ure  rcndensd  adjiwubl 
vieM'  objoct«  at  different  dJitAficr*.  hy 
iiig  tliL-  pu&itiou  ol'  liic  i^ye^jttcct',  irtiu 
tlitE  iJiii-]K)W.  is  iiet  iu  a  slidltif*  tube. 

The  objVct-lciiB  ^liQulil  lif  11 
prcveut  priematit'  cwlorfe;  bill   -,.,.- 
vex,  to  increaae  Uie  tiutuiM  heu 
lenses;  and  va  large  «e  poadble,  lu  tl 
naU-  the  imoff^'. 

The  magnifytug  power  ia  found  bv  divhT 
iiig  ilie  priticijml  focal  kogtli  of  tbe  ubjn^ 
gla£8  by  tbat  uf  the  vvi^-gloM. 

or  ctiUTKtf^  Uiu  iinagt-v  urtd,  llicn 
object,  will  be  a^en  iuwrtt-d.  hut  rbi- 
objt^tioiiftbl*  il)  Tiuwing  liciiveuly 

One  of  tlic  linvat  tcli-iioope*  of  Uiuj 
iu  the  world,  is  in  thv  Observatory 
<-agn,  Illiiiots.     Its  objeot'gluMi  i«  18  j^ 
diiinietor.    ThU  inainimrnt  Uilu  in 
ti,U(Xi  timcJi  08  niucb  light  aa  tho  cy^ 

^00.  Figure  S3.— The 

telescope  or  spy-B:laAs.— Tbti  phiio-| 
I'lue  involved  in  tim  eonHtrucdoa  of  lk»\ 
iiiutmniyut  an?  the  wmu  n-    -     '. 
described;  but  as  it  is  d' 
rt«tml  objcctfi  cn-ci^  it  btttjtuvi  uc 
to  inpert  the  inttrli'd  tmags.    Tlii* 
complished  by  thu  inlroiInctioQ  of  tvu  i 
lensee,  beaidcs  the  ustial  oli)ect-£laa« 
i-ye-piece. 

Tlu>  diagmm  sbuwa  the  counw  of  the 
in  a  terrestrial   '  llie 

front,  or  object,  .^  ^.,,,j  ^,-,<I  ("  l«j 
tmvD  the  inatmmeat 

Tlif*   objit'l-li-na,    I,   for- 
image.  L:  the  leni  3  cunt .  .„ 
thi*  imuge  to  a  focni  bctwe^o  Uii*  lay* 
lijlis*^  V  ruid  3,  » 
p3*a  oti  mid  dirri - 

lens,  3,  and  tur  brought  to  a  focni  hr| 
th-:-  1.  n**-g  3  ,,'   '        ' 
T ;  wlticli  ift        _  .       fi 
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^The  Bcveral  tubes,  which  ulide  one  within  unother,  allow  tbe  iuatpu- 
■hnt  to  be  reduced  to  a  convenient  l*;ngth  when  not  in  use. 

^Ol.  FigureiW.-  Herachers  reflecting  telescope.— There  ifl 

i  grvat  VHrit.-l._v  uf  rellotitiiig  tek'ei>i)i»f!=,  in  all  i>\'  wliicli  a  iMinibulif  metallic 
spt!Cu]iiuiuruurrur(39'j)iB(;n]ptuyed,  insteiulof  tlie  objecL-li-ti^  to  form 
AH  image  of  the  t)bject,  and  uit  i*j\-|jiwc  is  uswi  to  magnify  the  image. 
TliL'  figure  represents  Sir  William  Hertichers  tele^icojjv.  AA  is  a 
aheet-iron  IiiIm',  in  one  end  of  which  is  a  parabolic  speculum,  M,  some- 

■  Via.  ZA. 


what  less  in  dianu-tt^r  than  the  iuIms  with  its  axis  din^ctod  to  one  side 
of  the  tube,  shown  hy  the  dotted  line.  The  piiriilli'I  ni)fl.  EF.  from 
some  yiTS  ilisULnt  ohjerl,  are  reetived  upon  the  mirror  and  reflected, 
converging,  to  the  eje-pieee,  I*  The  size  of  the  tube  and  the  inclina- 
tion uf  the  axis  of  the  speculum  are  so  adjusted,  that  tlie  observer  does 
not  intercept  any  light  whicli  can  fall  upon  the  retiector. 

This  is  called  i\\^  front-vino  idescupe.     The  speculum  of  Hcrscbel's 
great  telescope  was  4  feet  in  diameter,  ^\  inchas  thii-k,  weighing  d.118 
potinils,  with  a  focal  dislance  of  40  feet,  and  magilifying  power  of  C,460 
diameturs. 
■  This  tvlesoope  is  a  muditicatiuu  of  the  Newtonian  telescope. 
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_^,9^.  Pigrure  26.— The  Gregorian  reflecting  telescope.— 

C     isacondtvi:  melallic  speculum,  having  a  hole  in  n^  renin-.    This 
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reflector  will  luriii,  at  iU  focal  JisUiico,  an  inTerted  image,  I*.  At  T  ii 
placed  a  nnall  coucave  Diirror,  abotit  oue-ronrth  the  Tocus  and  diameter 
of  tliesi>oculuni.  M,  and  fiicing  toward  it,  and  at  a  little gn:ater  di^taoce 
from  L  than  iteown  focal  diittmic*'.  itayrf diverging  from  L  are  reudemi 
li-dM  divergt^ntaflt^r  reflection  by  T,and  arc  thrown  back,  in  utrarlv  patal> 
lei  lines,  to  the  plano-convex  eye-pit-ce,  K.  by  which  they  are  brought 
lo  H  focus,  forming  an  erect  image.  The  rayti  tliun  |uw8iug  the  second 
eye-pteoe,  Kj  are  converged  at  the  eye,  where  the  objtvt  aeema  to  appear 
under  u  nuifli  enlarged  vij^ual  angle,  showu  by  the  two  dotted  lines. 

49t3.  Figure  26.— The  Newtonian  reflecting  telescope, 

as  iniproveil  and  eonstrueti'd 
by  M.  Fnimenf,  of  Fari)*. 

M   ia  a  concave  tY-Hector. 
placed  ut  the  bottom  of  a 
long    tnlH'.     The    rpfl»'cl«r 
teiiilfi  to  form  a  small  imagf 
of  the  object.  A,  at  the  othrr 
end  of  the  tnbe;  but  brf^tv 
the   rays  reach    the    iniag<f 
they  arc  intercepted  by  the 
glasB  prism,  L,  so  arrangi^d 
that   the  raya,  entering  iu 
Qrst  face,  wilt  be  totally  n*- 
Heeleil.   and    form    an    im- 
age of  the  object  at  F.    Thi* 
iiiKige  is  viewed  by  an  eyi** 
pKLv  through  the  side  of  the 
telescope,      as     representee!. 
The    eye-piece    is    maih-  <>^ 
twi)  phino-ennvcx  Icnaeji,  d». 
combined  effect  of  whicll  m 
U)  wiiiw  ihe  iniagi*  U>  a|i)t(')^ 
under    the  much    vnlarp^s^ 
vi»ual  angle  indicated  by  It"' 
two  dotted  lines  H  and  N. 

494.    Lord    Rosse*^ 
reflecting  telescope  ii^ 

11  lube  5C  feet  long  by  J  fe-^^ 
<l(umeter,  with  aapeculiim 
Ij    feet  diameter,  weighinj 

toni;  and  the  entire  indtniment  weighs  more  than  IS  tons,  and 

•60,000. 
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^95.  Figure  27.— The  telestereoscope.— Owing  Us  thu  futt 
tliikt  the  two.ejcddo  not  view  an  object  from  thi*  same  point  (-WT),  the 
image  formL-d  on  the  two  retinae  are  not  cuijictlTF"  alike  (4119),  hikI  bv  the 
tlinV'rt-iKX!  ill  thM  iiiiageu  wv  art;  aided  in  judging  of  tho  distance  and 
figure  of  tlie  object  (466).  The  nearer  the  object  the  greater  is 
this  difference.  If  the  object  is  very  digtunt  the  images  will  be  sensibly 
id«;ulieal.  and  we  Xmm  the  aid  just  mentioned,  in  estimating  the  dig- 
Lalit^'e  and  ImkIiIv  ttgiire. 

Tkti/bJecto/thetelee/ereoiKOpe  is  to  increase  the  optic  angle  or  binocu- 
lar panJlax  (447)  of  dulant  objects,  by  presenting  to  each  eje  such  a  view 

Fto.  37. 


would  W  obtained  if  the  dietanc«  between  the  eyes  were  greatly  in- 
crt-ajied.  wiiieh  increaaes  the  difference  in  the  images  on  the  two  retintip, 
and  gires  the  same  appearance,  of  relief  to  the  object  as  if  it  were 
bnMigbt  near  to  the  observer. 

Tvct  AB.  niya  of  light  coming  from  some  disUnt  object,  full  npoii  the 
two  mirrore.  MM.  and  !»■  rellectiid  to  the  two  mirrors*  T.  and.  being 
again  reflected  from  these  mirrors  to  the  eyes.  NN.of  the  observer,  the 
two  vie»-«  Been  will  evidently  be  the  »ame  08  if  the  eyes  were  sepiirated 
to  the  positions  of  J  and  K, 

The  n-lief  with  wliich  objects  are  seen  by  tliia  inatniment  is  increaaed 

much  as  the  distance  between  J  and  K  exceeds  that  betwiien  the 
NN. 

Though  the  pergpectire  difference  of  the  images    seen  by  the  two 

ftjes  is  iucrea&ed,  the  viHtial  angle  under  wbirh  e*ob  objt^t  is  seen  re- 

[inainn  nnchanged.  and  beriee,  hs  the  apfiareiit  dittnure  of  tbe  objecc  ia 

liminishc'd.  their  dimenaions  appear  diminished  ia   the  same  pro- 

tirtion. 
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If  kimws  (such  as  are  used  in  opera-gliwsea)  iire  in*c*rie<l,  the  objwt- 
glttMi's  Ijfing  placed  at  FF,  bvlwfeii  the  lai^  ami  small  mirrors,  ami 
the  conravc  pyc-pieces  hetwivn  the  small  mirrors  (T)  iintl  the  ejvs.  ihe 
effect  will  bo  to  increase  the  visual  angle  of  every  object  in  ihe  lifld 
of  viftw. 

Tf  the  glasai^s  magnifv  tis  many  iliameccrs  aa  the  distance  between  J 
and  K  exceed  tlie  distance  helween  the  ejus,  every  object  wiU  apjiear  Lti 
it«  duL*  prujwrUons,  and  tb«  appearance  will  be  iw  tlioujih  the  olwcrr^ 
had  ht^n  trunsported  t*j  th«  immediate  vicinity  of  the  ohjecta  them*lv«=^ 

The  distance  lM-twci>ii  the  large  mirrors  should  notexceeil  the  bi*«L  *Ii 
of  an  ordinary  windovr,  unleatj  the  instrument  ia  to  be  used  .ip  t-'%a 
open  air. 

^,^6'.  FigTire  28.— The  stereoscope  (frgm  wordit  signifvi  -m^ 
soO'tl  and  /"  Kte)  ia  ;iu  iii»tnuiitiit  liy  u-luvh  two  Hat  pictures  are  ma^kiile 
to  appear  like  a  single  solid  or  projecting  body. 

Flu.  2S. 


This  figure  wproaents  the  exterior  appoamnce  of  the  instrum*^^'' 
The  pictiin^s  are  inserted  at  the  openinj;  seen  on  the  right;  the  li*^  ^ 
the  lop  admits  and  regulates  the  tight  on  the  pictures.  The  pictu  **• 
are  8e<m  thmugh  the  tiilH>e. 

497.  Figure  39.— The  principles  of   the  stereoscope-" 
This  instninu'iit  la  coiisirueled  upon  tin-  ifririciples  exphiined  in  o*'*'*" 
ncction  with    Fig.  2T  {495).     The    two    pictures  to    be  viewvd  hy  *"  ""^ 
Bten;u8co|>e  are  not  taken  from  the  same  point  of  view.     In  taki  "^ 
sterooBcopic  photogiivphs  of  near  ohjecta.  one  picture  is  taken  by  pl«»* 
ing  the  camera  in  thf  ptwition  i»f  the  left  eye,  and  the  other  bv  placl »'? 
it  in  the  position  «if  [lie  right  eye.     If  tliL-  sc*'ne  or  object  to  be  phot'<> 
graphed  be  disfoHl,  the  two  points  from  which  they  are  taken  ma** 
be  wide  apart.     Pictures  thus  tuken,  when  viewed  by  the  stereosoQp<i 
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itond  oat  in  relief  u  the  ift-wt-  or  oliji-M  iisrJf  wtmli!  if  ricwwl  liv 
tract  rtaiuu. 

u  <orn-.tpori(linK]ioiiii  of  tiu-Ii  picture  be  ri't'fw*t'»t*d  by  FK,  und 

Ihitu   thi-A.'   piiints,  tiilling 

Ipon    the  6fnii-donbIu  cunvex 

"III,  will  be  rt'fniL'tvd  to 

.  KK,  und  tlif  mind  will 

^l'e^   hotU   i>oint8,  VF,  to   (Ik- 

eoiml   {moition    L.      Wh»t    is 

ic  of  tbcw  two  poinU.  KF,  is 

rac  of  all  othtar  \wmi6  of  the 

ro  ptctorHt. 

Aa  i>iie  piclufQ  reprpseiite  the 
fvaJ  or  pniJHftiug  ubjcti.  itd  ob- 
by  LUu  rigbt  rye,  and  Ibv 
Jirt"  u  *i*n  by  the  h-fr  t-yc 
.',  when  viewed 
Fti      ■  ^  I     ■  HH.  io  pro- 

cweci  fmn  the  mme  object),  the 
im|in-Sftion  mudf  uti   tbi-  mind 
will  be  Lhi*  sanit'  oa  if  both   iuiu^'^«  wfH-ti  derive<l  rrom  ime  itnliil  or  prn- 
j/vfintf  hodtf,  inaUud  of  from  two  somewhat  unlike  flat  pictuns^ 

Thi*  dUtuiiOf  I"-iwo(»n  Ibt.'   two  |>«)aitioii8  in  wbicb   the  (^uincru  is 
•x-d  Ui  liiki-  iiU'riHMCopic.  pictures,  varirii  from  a  few  inches  to  any 
itAlinj  DPA'Bsury  tu  produce  Lhit  desired  efli?cL 


^^98.  Figures  30  and   31.— The  stereomouoBCope.— Thia 

is  ikD  ihitnimviit  by  wbidi  u  single  inisgv  is  madv  to  prvwnt  the  up- 
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>w  uf  rfli'-f,  w  MTD  in  Ibi*  ftorposcopp,  and  by  mmnK  of  whiolt 
'  pcnuitiii  i-ttti  view  thi*.'  elfwt«i»t  the  samo  tiroa 
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If  ma  objoot,  T,  be  plaocd  bvlbre  s  large  dniibl^  convex  1rB«,  L,« 
imajie  of  the  object  will  be  furniuU  »1  tliu  coDJiiKftt«  tocun,  which  ■•; 
be  n.'W!veil  on  a  plaW  of  ground  glitsK,  P.  Knim  Ihu  inugrt  mji  rf 
light  will  (lirerge,  iM  from  h  rval  object,  which  will  hv  mxa  wlivnitf 
tlie  t.;oa  iimy  Ih-  plac«^l.  vitliiti  the  coue  of  divvrgiug  raf*.  a*  sbows  li; 
tilt-  tlgtinid  vyeB  tin  the  nghl. 

Tht  HerewnoHoscope  {Kig.  31)  couaista  of  two  ludt  leoBc«,  L  *Bd  %^ 
•u  pboed  oa  to  form  iiuuges  of  fitereoacupic  piutnnSt  A  and  B,  ui  i 


Fc'reen  ofgmiitK]  gliUB,  P.  Tlioatih  the  twn  pictnroi  have  Lhfir  ttiia{(fa 
su|iertinpo»Hl  ou  the  same  part  of  thi-  Bcnx'n.  P.  "fvi  mob  |iii<turr<90 
In-  iii'ii  only  by  the  rays  t'munating  from  tJie  photograph  by  which  it 
WttM  fnrniMl, 

If  the  eyea  tw  pl*iccd,  a*  fignrwl,  ao  that  rays  mming  ftroiii  one  Wiu 
will  eDt4>r  the  right  I'vc,  ond  those  fmrn  the  other  K^ns  the  left  v^  tltf 
obji>i;t  (Oora  which  ihi-  pictures  wfre  Uikm)  wilt  appKir  in  rvlicf,  oa  in 
IhL-  stercoBCupc  Several  pLTSons  uan  witness  the  effect  at  tiie  wom 
time. 

WATi  THRoar  or  i,io»t. 
InUrfftrenoe.  Dlflt-aetion,  «te. 

409.  Fiffore  32.— Waveo  of  li^ht.— Ai    prerioiulv    at 
(3Sr.(.  the  ninlitlMl'>ry  or  wave  tbt^try  is  most  goneraHv  nH.vivf'*!.      Ar-l 
(>4irding  to  thin  theory,  the  ratiKe  of  li^^lit  Ia  an  li  ui 

in  the  ethereal  minlinrn.   In  thisoUutic  mixliDm  ni....... ,.  ui«^ , 

cun  !«  pnj|)agato(]  in  the  same  manner  aa  wares  of  WMind  in  air.  TIn* 
t-ther  anfl  li^ht  are  not  the  same.  The  bitter  ic  th<.-  i:U 

in  the  former;  as  air  is  one  thing,  and  the  fouui:  ;;  it 

another.    Theae  war^s  advance  at  the  rat«  of  ItK^.UOO  mile*  per  awund.! 
The  pikfticWfl  of  «thor  do  not  advaooe  at  thii  rate,  but  only  the  wst^ 
This  mar  U*  illntitrat«d  thua: 
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Tto.  9t 


kving  ro&ieiied  one  end  uf  a  cxird  to  a  fixed  obstacle,  F,  uumnienoe 

Iting    the    end  A, 

pd  down,  Mud  tUe 

t  vill    l>e   thrown 

nrave-like  motums, 

Ing    rapidly   from 

fend  [o  th*?  otiuT. 

Iparticlps  oomiJoaing  iht-  uurd  do  not  advajitx-  or  rt-iniiL,  himTvitr 

flj)'  the  undulutioDH  may  ptLB«.     So.  too,  flouting  otijuoU  on  water 

crtee  and  fall  with  wavi's.  wbuu  the  v/aw&  pass  oti ;  thug  Hhowtii^ 

I  the  Watt-r  itAolf  (loi'tf  not  advHRCf  fom'artl  with  '\i»  nii<li)lulJon^. 
Ill;  vibration  \a  th?  cause  of  undulation.    In  cast''  of  the  coid,  the 
tion  is  iviirfcsenl*<l  by  the  movement  uxerted  by  the  hand;  the 

Illation  U  the  wuvc-Iikc-  motion. 

|la  Tibrating  firing  agitme^  the  surronndiiig  air,  and  makejij  vaves 
lud  jMiss  through  it,  so  dous  an  incandfaoent  or  ehining  )iarticle, 
ling  with  aurpriaing  rapidity,  impress  u  wave-like  movement  on 

ither,  and  thU  mbvement,  tiually  impinging  on  thv  eye,  is  what  we 
sight. 


QO.  Figure  33  .—Directions  of  vibrations  and  waves  of 
jtt. — If  the  free  end  of  the  cord  be  vibrated  horiaontally,  vertically, 
|u)!unully  up  and  down,  ad  indicated  by  the  urrow-heudi},  or  In  any 
HntxliaU;  directions,  those  directions  will  all  hv  trausveniie,  or  at 


■pio   33 


I 

'   angles  to  the  length  of  the  cord,  or  the  direction  of  the  waves. 
'^8  the  j>eculianty  of  the  movement  of  light ;  that  is,  it*  vif>rafions 

fonsvfrse  to  Ike  cottrte  of  the  ray.    With  sound,  the  vibrations  arc 
4«d  in  the  direction  of  the  resulting  wave,  and  not  at  right;  angles 
Tlt-nft',  the  nndulatory  theory  of  light,  by  some  writers,  is  ileaig- 
1.  ihe  Theory  of  Trtinsrerte  VHrutioni. 
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!>01.  Brilliancy  dependent  on  amplitude  of  waves.— 

LigliU  differ  from  t-ach  olbt-r  in  bri\l\anc}j  und  euhr,  which  depend  OD 
ijiiiilitieB  ill   the  wiivea.     As  wuvea  ul'  waUT  may  s»x^   in   hi'ight,  bj 
which  is  niduiU  ainfthimi^,  m  v&vcb  of  light  vary  in  iiniplitadcv    A 
wave  of  gK&t  lunplitnde  imprestji's  us  with  a  sviiuv  of  iaU!i\siiy  urbril- 
liancv,  whitfj  a  wiivl-  «f  ttiimll  ampUtude  ia  less  hrilliauU     Thtfpffyp 
the  hriU'ianc}'  of  liglit  dcpctuls  on  t.hi'  miuj»itu<le  of  the  titcurxioHt  /*' 
the  vibra/iiiff  particles,  aa  the  amplitude  of  the  waves  in  the  ouni 
{Vig-  33)  ile]ion(lM  upou  the  ilistMiicv  urhich  thu  hand  is  moved,  whirl 
causes  the  wavcj!. 

SO'J.  Color  dependent  on  lengrtb.  of  waves.— By  Vngih 
of  wave  is  iiK-aut  lh'_'  ditjlauce  from  the  i-ivst  of  one  wave  to  ihiU  ufilw 
xwxt,  as  from  A  to  T,  Kig.  32  (4^IS1),  or  from  depression  to  depivJsiiMi- 
Tho  length  of  the  waves  deterniinpti  the  color  of  light.  The  ]i>ngci 
Wftvt'5  give  rise  to  red  light:  the  shorter  oiie^,  to  violet,  nnd  iliow  ot 
inUTHiediHlt^  lengtlia,  the  other  culurti,  in  the  order  of  their  refniujiibilitj' 

^03.  Fiffure  34.— Interference  of  light.— If  two  w»v«  <=*• 
weUer  encuitnter  in  snch  a  maiaier  ihat  the  coiic^v  ily  of  the  one  cnr^* 
spends  with  the  convexity  of  the  other,  they  mutually  destroy  *o*^ 
others  effect  So  it  is  with  wnves  of  aottHd.  If  wiLves  thas  enconnt> 
tlii'y  di'Stmy  each  other's  effeeL  Hent^e,  two  linnndH,  ui  the  jHiint  *-^ 
their  encounter,  prodnce  silence.  In  like  miiuner.  if  two  waves  of  Ivj. 
similarly  encounter  they  destroy  each  other's  elTecl.  Tbereforp,  ti*'^ 
niys  of  light,  however  brilliaoL  they  may  be  separjitely^  will  jirodn* 
durlcne^  at  these  poiDt«  of  encounter.  Thij  i&  called  ittterfertnu  »_ 
light. 

Fio.  34. 


Let  A  and  It  reprpsent  two  enoonntering  rftys  of  light,  In  which  th* 
two  pystems  of  waves  or  niidnhifione  are  in  apposite  phages,  tho  con- 
vexity of  llie  one  corresponding  with  the  concavity  of  the  ulher^ 
and  int<Tference  will  take  place,  as  at  h,  nrodocing  darkness  at  tiiif 
point 

/)04-  Figure  35.— Non-interference  of  light. — If  two  rays 
of  light,  iw  .\  and  U.  eneoiinkir  eadi  other  in  snch  a  manner  that  the 
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Itiee   Htid  convexUies  of  their  iindiilntions  respectively  corre- 
there  is  uo  inturfereuct!;  and  wliere  they  encounter,  as  at  h. 

Fill.  35. 

1 


"■•■■•    ''%,.y'"' 


1  of  darkness  being  the  result,  an  intettser  tiffhf  U  prwKiced  at 

JDt. 

>.  Figrure  36.— Demonstration  of  interference  of  light. 

Inoei*  lucid  point  atS,  by  bringing  rays  of  tho  sun  toafocnabya 

'  convex    lens,  or  by  ]»nssing   a  Pro.  aft. 

im  through  u  pin-hole.    In  the 

log  mys   rrom  litia  lucid  point 

\  cylindriiTHl  Imdv,  as  k  piecu  uf 

f  (seen  endwise  in  the  li(:urc); 

i  distance  beyond,  place  a  screen 

ie  paper.     The  objecl.  F,  will 

a  shadow  on  the  screen,  reac?i- 

)m  H  to  W.     Thia  shadow,  in- 

if  lieing  nnifomily  diirk,  la  fonnd 

list  of  light  and  dark  sLripea,  ae 

iDttfd  by  the  figure  A.  caused  by 

(vutse.     The  cause  of  the  inUjr- 

lit  tbna  expUined: 

M  of  water  pu«a  round    to    the 

If  an  object  on  which  iliey  im- 

ptnd  the  undulations  of  light,  in 

jno  mnnner.  flow   round  iit  the 

f  tlie  pii«e  of  wire,  K.     The  two 

if  waves  which  liavc  puesed  from 

^ite  sides  of  the  obstacle  to  the 

point,  N,  of  hn  shadow,  having 
r  through  paths  of  equal  length, 
^counter  in  such  a  manner  ss 
interfere;  anil,  therefore,  ihey 
UU  e-ach  other's  elfect,  and  pro- 
light  line  at  this  |>Dint. 

systems  of  waves   which   have 

from  the   sidea  of  tile  ubBtiiele  t"  the  point.  Y.  hiiving  rome 
Lstaani>a  which  ditfer  iu  length  by  half  &  wave,  wilt  encounter 
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at  Y  in  such  a  manner  aa  to  inter/ere  and  ilescroy  each  oth^T'i  f-Srct. 
und  Ml  produce  a  Uurit  Btripo  at.  Ibis  ptiint. 

AL  tlie  iwiiit,  ],,  the  waves  from  I'aeli  uide  o(  the  obstnri  »> 

coinu  thruugh  uiiutiiiul  iiutlie  vbicli  ditTcr  iu  IciigUi  tiy  u  tu, 

mid,  IlicrefurL'.  Uiov  will  aguin  euouuutur  in  buoIi  a  inauner  b»  noC  la 
iiiU>rferc,  and  anuthvr  u-liitv  itripv  is  produced. 

The  correctness  of  this  explanation  is  shown  by  placing  an  of&^m 
surecn  on  ono  bU\c.  of  the  obstacle,  F,  bo  a«  to  prerent  the-  light  p«sB|, 
when  tlie  fringes  will  disappear. 

506.  I<aws  of  interference   and   non-interferenoe  of 

li^ht. — 1.  //  tifo  itygtciiin  i>j  toares,  u/  Otif  same  Ittujlh,  fiuuHnter  ttflM 
kavinff  comv  (krou^h  paths  of  equal  lenijlh,  they  tciH  nvt  intrr/trt. 

a.  Xo7-  Kilt  ihfy  iiilerfrre  though  there  tf«  a  ffiffenrmx  iu  tht-  Itfu^Xt/ 
1ht«e  pathn,  provided  that  dt^^rrfuce  bt  tqutxl  to  OHt  whole  utttt,  or  /M, 
or  threr.  etc 

3.  Hut  if  the  paths  be  of  unequal  Imffth,  they  will  interfrtr,  «W 
the  inttrference  will  be  complete  when  the  Uifference  of  the  length  vfUit 
puthg  lAhalfa  leave,  1|,  :£),  3^,  etc, 

507.  Figure  37.— Interference  colors  are  sem  in  thin  fitnii 
of  Tiinii.'ih,  i-nicks  iu  glass,  and  utlier  tliin  tnuispun.'nl  MbstanoetiSt 

ill   l4uJI)>-bultl>lcdL 

Let  KU  represent  a  section  of  a  thin  tmnsjiurent  bulb  uf  ghua  oruf 
a  soa]>-bubljle.     If  a  ray  uf  light,  S,  is  incident  at  \' ,  a  purtiun  uf  dn 
[iti8bL,arieL-  a*frautiuD  and  Lnuismisiion,  will  pass  on  in  the  dirvctiua  «i 

Kiri  ir. 


K.  luid  anuLbtT  pi>rl.iiiri  nill   Im-   n-lli-i-l*il  lit   V,  art  tdiown   by  tlii« 
Ti-rtieul  nmiw.     At  th<>  poiut.  A,  a  |iortio[i  of  the  liglit  \f.  iati 
rrAtvl^-d  from  Lbo  second  siirface.  lud  ii  divide«l  by  frannnission  and 
.Si^-'ini)  inti'rniil  n-fl<'<'ii'iii  nt  the  lifBt  suriacet  the  rrflvot«<d  ptirtioa  bett 

ltri(ri<tinitri-d  in  lh<' <lin->-tiun  nf  J, 
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The  cnrns,  in  tlic  rays  J  and  K,  reprcspiit  wav^p.  The  second  ray 
IW  llie  tirst  siirfiu;*',  reflected  Tmrn  (he  eeeond  atirfut'o.  will  be  FL-ljirdi-d 
Whiiid  tlio  flrat  a  disUintv  ixjual  t-o  twice  thu  tbicknesa  of  the  bubble, 
ihoiTD  by  the  ditfereDCe  Ju  the  length  of  the  two  rertical  arrows.  The 
nj  J.baviDg  tnirersexl  the  (htckness  uf  the  Him  twice,  will  rail  behind 
[llieriiT  E  a  distance  e*|ual  to  twioe  the  fhieknefls  of  the  bubble.  If 
these  retardations  equal  the  intonrul  of  an  odd  nnmber  of  Imir  wa^es 
hey  will  interfere,  anil  prwliice  dark  lines. 

The  difftTL-neii  in  the  iiiifiirfily  tif  the  rays  J  and  K  iH'ing  greater 
tlian  that  of  tlie  two  rays  proceeding  from  the  Hret  surface,  the  dark 
lines  in  the  former  ai-e  leiu*  dislinct  than  iu  the  latter. 

The  difrfn!ncf  in  the  dark  and  bright  bands  thus  produced  i*  differ- 
*nt  for  difTL-rent  colors  of  the  spu^^trnm,  being  leaiit  fur  violet  mid 
$reale«ii  for  red.  The  dark  banda  and  jieculiar  tints  of  the  soap-bub- 
^Itf  are  Uins  due  to  interference. 


'50S.  Figrtres  38  and  39.— Determining-  the  length  of 

W^ves  of  light.— Thf  tllil■kIn■^ri  uf  Mi«[)-bul(blea  irnilliul  be  accu- 
rately  measuppd ;  but  dark  rings  can  be  produced  by  other  means, 
^hicb  facilitate:  themeaaun'meut  of  the  distances  between  the  ivflect- 
iug  snrfaces. 

Place  upon  a  flat,  smooth  plato  of  glass  another  slightly  curred  piece, 
*li«ee  curvature  is  that  of  a  jwr-  p,g    3^ 

*iou  iif  a  g]>hcre  who^c*  radius  is  40 
'  50  fei't,  as  represented  by  Fig.  38. 
When  thid  curved  glaiw  i^  pressed 
(liiwit  iijion  tlie  plate,  the  centre 
pix-ars  blaek,  and  ia  surrounded 

colored  rings  (Fig.  3li),  iia  in  the  swap-bubble.  If  homogeneous 
light,  as  rei1.  be  allowed  to  fall  vertically  upon  the  uppur  glaiiii.  nngd 
ill  be  formed  at  1^  'Z,  3,  and  4;  and  the  diameter  of  these  riiigs, 
lowu  by  tiie  dotted  lines,  can  be  easily  meaiiured.  TJiey  are  always 
lund  to  be  in  the  proportion  of  I  —  1.414  —J.733  —  2.000,  and  so  on, 
lif«e  numbers  are  the  B<[uaro  roots  of  1.  2.  3,  4,  and  m  im  ;  and  it  is 
lown,  ftxjm  the  form  of  the  sphere,  that  tht-  dirft^ncea  111.  2N,  38, 
\,  etc,  are  to  one  another  as  the  KC|uares  of  the  cwnhi  ur  dotted 
liftmeters.  Hence  the  distance  between  the  n-flecting  surfaces  of  the 
c-ond  bright  ring  is  twice  that  of  llie  tSrsl,  and  so  on.  The  diameters 
the  bright  rings  being  as  the  sftuare  roots  of  1.  9,  3,  4,  and  so  on, 
le  diameters  of  the  dark  rings  will  be  as  the  square  roots  of  l^.  af. 

11.  H.  ^-tc. 

The  distance  helween  snccessire  rings  of  violet  will  be  much  less 
in  that  between  anccessive  rings  of  red. 
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o09.  Length  of  waves  or  undulatioxut  of  Uffhtd 
— The  liglit  ivfli-ctwl  Irom  K  uitiBt  travel  IiaIT  a  wavt-i 

law  of  initirferencc,  500)  further  than  that  rellectul  fru , 

thuL  the  wares  reflected  from  these  poinu  mAV  rocot  in  ili<>  sunej 
and  efai  jpTP  n  bright  riug.     But  thu  wuvu  wflocicd  frnm  It  traw 
the  space  iR  twice;   therefort  IH  DiuKt  \k  uiily  J  thi*  li^ngtl 
liimiQoiu  wave.     Hut  ^R,as  prt-viously  8howa,u  |  of  ilL    Tbtl 
of  HI  18  tmsily  found.    Thus:  4F  U  half  the  ilittineter  of  tb6 
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ring,  and  cuu  he  found  In  m-tual  raetunun-nii-iit:  »nd  th<'  Vnffth^ 
radius.  4K,  ia  knuwn,  Bnd41'''K  in  a  right  angled  lriitii);l«.    The  bl 
cniue.  iK,  and  the  side,  4F,  U-iny  known,  thi'  length  of  EP  t« 
Having  fuiiiid  KF,  and  knowing;  KK,  4ll  ii  found  b;p  lubli 
fwm  KK.  or  EK  -  EF  =  4H. 

By  this  and  othor  mrlhodfi.  th*'  length  of  wnvp-t.  or  nudnUtic 
({uircd  U\  pniduiv  difTcrent  colors,  has  ho«-Q  estimalvd,  and  tbi 
ber  of  wnvpH  tliat  eoler  the  cyv  prr  Bt>cond. 

The  Icniflli  i>f  the  vilipiilioua  in  the  extivmu  rwl  ray  ie  jUKt 
the  length  of  the  ribrationa  of  thu  invixiblr  rays  U'vood  Urn 
whioh,  uonc^nlratiHl,  product!  ibo  lavender  Uf;ht  of  Henfibcl. 
Miiirf  ranjjp  iif  ravK,  thrri'fore,  cxti>Qda  only  over  what  Is  etjuii 
a  iin^Ie  fwtuvo  of  musie. 

The  fbllowiitg  luhli*  uxhihjta  thonunicrinU  n-enlt^  whkb  have 
iMuced  for  thu  len||ftli  and  Ti-locit;  of  lumtuous  vaTsi  ot 
oulorA. 
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^.  The  cause  of  the  waves  of  li^ht  is  guf)])()scd  to  l)e  the 
lioiif  uftlie  |iiiriit:li'.-)urH  himiiiuut;  body. 

ordiiiury  cotubiistiou.  otic  of  tJm  ijoiit'iiva  or  light,  the  ufonis  of 
mill  the  air  are  ruubiiig  into  combinatiDQ  with  the  atoms  (hy- 
n  and  carboti)  of  the  huniing  body  ('IW)  ;  and  the  coUiaion  of 
atoms  \»  likely  to  «et  them  vibrating.  ThoBe  vibrations  will  be 
lontcated  to  the  atona  of  the  aurrounding  ether,  and  by  these 
miUed  to  the  eyv. 

Pig.  40. 


fi.  Flexure  40.— Diffraction  Irlng^s  caused  by  inter- 
Boe. — A  couTeuient  method  of  ahowing  diffraction  fringes  coti- 
»f  iillowing  thu  rays  of  tht-  aim  to  fall  on  the  flat  side  of  a  razor. 
mvft.  8  and  T,  parsing  in  close  proximity  to  the  bock  aitd  I'dgo 
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of  t]ie  inatrumvDt,  will  be  deflected  as  represented.  A  portion  of  tbt 
rays  are  doftectwl  outwartl  u  if  rejltcted,  the  back  i>f  the  nuwr,  E,  it- 
fli'Cting  mnro  of  the  rays  oiUwitrd,  and  the  e»lgo,  F,  mow  of  thrm  in* 
wuiiL  If  ifcif  body  W  n«nviw,  like  a  n^rdle  or  hair.  Fig.  36  (609), 
the  raya  deflecU*<l  inivard  crotu  each  other  and  produoe  int^rferenop,  in 
acconliitice  with  the  w'Hv<'-the<)ry.  The  raysdcflfci^-d  outwariJ  prodon 
ijiU-rfeniuce  with  rays  not  ilollccted.  All  the  bright  and  dark  lines  m 
bordered  wiUi  oolured  friiigea,  as  in  ordinary  oaavs  of  inteiference. 

If  a  beHiit  of  Bimliglit  puss  thivtigh  a  lens  in  a  dnrk  ri>om.  anil  bll 
upon  A  whitfl  scivi-ii,  mill  miy  smull  opiu^iiie  body  plact-d  in  ilie  light  m 
Its  «hadi>w  will  aUo  fall  on  the  screen,  the  shadow^  i nst^ail  of  btio; 
sharply  lU-lined,  iij  tjiirroimded  by  three  colonel  friiiji^-g,  the  outcruoi* 
being  very  faJut.  If  bumogcneous  light  be  employed,  instead  uf  (lie 
nriiigtis,  then'  will  be  seen  bright  rings,  seiwrated  by  dark  Kjnawa— llie 
breadth  of  the  rings  varying  with  the  color  of  light.  When  white 
light  vi  n»ed,  thew  diOereot  5etj  of  colored  rings  blend,  producii;^  Un 
fringes. 

PoUrixRtton  of  Light. 

6 IS.  Poles  in  physics.— The  name  ;io>«  is  given,  in  phyriM,iii 
general,  to  the  fiidi'-f  or  i-nds  of  any  body  which  enjoy  or  have  iin|Qt[vd 
any  contrary  projxTtiea. 

SIS,  PiK^ire  41.— TranBxnissioii  of  liiminous   waves.- 

The  snhject  of  {lolarined  light  cimiitituletf  the  most  iutercsting  bnuich 

FlQ.  41. 


of  optios.    The  spopp  of  thi»  compendium.  howpTer,  will  admit  of  only  ji 
a  brief  explanatiofi  of  a  frw  of  its  leading  phenomena- 

tn  ^nnection  with  Fig.  33  (M>0).  it  was  shown  that  vibrations 
take  pfawe  in  every  p(W9ihIe  direction  transverse  to  the  ray:  hnt  for 
conreaience  of  explanation,  we  will  suppoM  they  take  place  only  in 
two  dinrctlon^  as  in  the  diKVttoas  of  the  faoriaontal  and  vertical  arrows 
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{fig,  33),  and  that  wtarj  rajr  consi^t^  of  two  seta  of  colorlcstt  undtila- 
tiuim. 

\jii  AK  (Ki^.41)  repn'^^'iil  IIm'.  (lUne  in  which  one  mi  oT  thcee  aiHlii- 
Iat)im»  Ukc8  itloci':  uinl  ^'11.  tlii.-  pUno  lu  which  the  utbiT  RPt  of  waves 
oocurv — thv  ptuiws  interacting  each  other  at  right  angles. 

Li>t  K  rrpivjierit  a  rranu-,  proviilud  with  fix^d  cro48-ban,  L;  and  sup* 
poMB  thr  phinc«  AK  aiul  ITN'  to  be  intentfcting  pieces  of  card-botLrd. 
If  DOW  on  effort  be  luude  to  thrust  these  card-boanla  through  the  fmme, 
K.  it  u  ertdeiit  that  while  nne  slip  of  |«p(>r  irill  pass,  the  other  will  he 
checkf^I:  biU  if  the  fVamLV  K,  be  turned  oue-foiirth  round,  the  slip  uf 
paper  which  was  before  cheeketl  will  now  pa^  through  the  bars,  L,  but 
Uw  ouv  which  posded  ia  the  llrsl  caM  will  be  flopped. 

If,  insU-fld  of  the  frame,  K,  we  take  a  thin  plate  of  a  certain  gem. 
Mllrd  the  tourmaline,  and,  itiAii-ad  of  the  %\i\vi  of  paper,  the  ray  of  light 
OumpiMed  of  the  two  Betti  of  uiidnlauous.  which,  as  wc  bare  dupposed^ 
Ttbnitr  in  pUines  at  right  angles  to  each  other,  it  will  Iw  fouud  that 
oo«  Wt  of  theee  undiilutions  rill  be  traaamitted.  aud  the  other  eel 
inlcrceptcil,  wheu  llie  liiuriiiutiiie  ia  held  in  <iue  ptmilion  ;  bnt,  if  the 
toarmaliue  bu  turned  oue-Rmrth  round,  the  ravs  that  before  paaeed  are 
II  '        '    '■       that  iu  the  tirst  caw  were  intercepted  now  jiaas, 

;hu3  treated,  or  when,  by  any  meaua,  bnt  one  set 
of  nndnlatiuus  is  ohiained,  the  light  is  said  to  be  p/jltint^. 

•Vaiiue  bodies  allow  no  luminous  vihratiotis  to  pass  through  them. 

bodies  Lraininiil   nearly  all  Uie  luminous  vibrations  which   full 

u{M>a  Ihria ;  wliile  otiier  bodies  arc  capable  of  iren^mitting  only  those 

-  •''— " r  i-_-)-'  whiuh  mote  in  a  single  plane,  or  those  undulations 

u'd  into  that  plane.     Uther  bodies,  which  are  them- 
••  .l*N- uC  vibrating  in  two  directions,  reduce  all  the  vibrations 

«  T  tmnnmit  to  vibrations  in  the  two  planes  in  which  ttiey^ 

II  ^vibrate.    Other  builies  nlier  the  dinnition  of  vibrationaof 

ligJii.  Kiuoh  fall  upon  them  at  <vnnin  anglea  of  inoldenw,  so  as  to 
UBficmii  nbratious  which  lie  in  a  etiugle  plane. 

Pio.  -13. 


,71^.  Plffure  42— Action  of  tourmaline  on  ordinary 
light.— I >l  liF  he  twu  toumifllino  pUites  symm^.-trieally  lieUl,  uml  ihc 
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urrow,  A,  a  ray  of  light;  and,  as  shovn,  the  ray  will  poaa  through  both 
plates.  If  now  one  of  thp  p]at«-ii,  as  T,  be  turned  a  quarter  round,  m 
shown,  a  ray  of  light,  L.  will  pass  through  the  tlrat  plate,  H,  ju  befon*. 
hut  not  through  the  (tecond  plate,  T. 

If  the  light  which  hod  been  tnuiii[nitt«d  through  the  tint  plate  be 
received  u|wu  »  plate  of  glasji  at  au  angle  of  incidence  of  56^  45'.  it 
will  be  wholly  rolli-cted,  in  a  certain  position  of  the  glaaa,  and  vhoDy 
transmitted  if  the  glaas  be  turntnl  round  through  90". 

A  plate  of  tourmaline  ufTords  u  convt^nient  means  of  determining 
whether  a  my  of  light  has  been  polarized  by  other  means. 

/fl/t.  Fisiire  43.— Polarisoope.— Folarizatioii  by  reflec- 
tion. -An  iustnitutut  i-mpIoyoU  for  pularizutton  of  light  by  reflecUoo 
i<  called  a  poiarixcope.     If  the  light  of  the  caudle  falls  upon  Che  mtr- 

Fla.  tt. 


ror,  T,  making  the  angle  of  incidence  56°  4J5',  fhim  this  mirror  it  it 
n'llect^l.  through  the  tube  AE.  to  the  mirror  F,  falling  upon  it  at  the 
simio  angle  of  incidence,  50"  45',  and  ie  thence  reflected  to  thtf  eye, 
at  L.  The  mirrors  are  at  right  aoglei  to  each  other,  and  the  candle  is 
lianlly  perceptible  to  the  eye  at  L.  If  now  the  mirror.  F.  \k  grodoally 
turned,  by  resolring  the  tube,  E,  in  the  tnbe,  A.  Ilie  imago  of  the  can- 
dle grows  brighter  and  brighti?r.  and  i»  the  hrightost  possible  when  the 
planes  of  the  mirroni  are  parallel  to  each  other.  Henoe,  (Wtm  the  poai- 
lion  of  the  eye,  N,  the  image  is  perfect,  though  it  can  scoroely  be 
discenuil  at  Ii. 

Light  ut  poUriicd.  more  or  lees,  by  reflection  fh>m  many  different 
anfastanoeo,  mich  aa  glou,  water,  air.  ebony,  mother-of-peari,  sarfaoea  of 
crrstala,  etc,  pmrided  ihe  light  fulls  at  a  certain  angle  peculiar  to  each 
surfiKV*  oaUsd  thc^^rrixiH^  anjie. 
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26.  Plane  polarization.— When  light  has  be«a  polu-ixed  so 
all  its  uiidulatiuiis  move  in  a  single  plane,  it  is  eaid  to  be  plajie 
polarized. 

If  a  bnndle  of  stretched  cords  of  different  sizes  vere  vibrating  in  tho 
■amo  direction,  it  woald  represent  plujie  polarized  tight ;  and  the  difler- 
ence  in  sJEe  or  tcDBiuo  of  thcHe  cords  would  cause  a  differeiiiv  in  the 
I  leugtU  of  their  wavva;  hence  the  Uifferuiit  cxjrda  may  represent  the 
I     different  colon,  vhich  also  differ  in  the  length  of  their  undulation. 

^V  SI  7.  Wavee  in  any  number  of  planes  resolved  to  two 
planes. — If,  instead  of  tvo.  Fig.  41  (513),  there  are  an  intititte  num- 
ber of  planes  intersecting  each  other  in  the  manner  of  AK  and  NU, 
and  uudulationH  of  a  beum  of  light  are  passing  in  all  tlieai  planes, 
these  undnlationa  can  all  bo  resalved  to  two  planes,  which  shall  inter- 
sect each  other  at  any  required  angle.  When  resolved  to  two  plaoeu, 
intersecting  each  other  at  right  angles,  the  sum  of  resulting  intensities 
in  the  one  plane  will  equal  the  sum  of  intensities  in  the  other.  A  ray 
of  ordinary  light,  therefore,  may  In?  considered  as  coneiBting  of  undu- 
bitions  moving  in  two  planes  at  right  angles  to  each  other. 

Any  medium  that  will,  either  by  its  position  or  molecular  constitu- 
tioD.  separate  light  into  two  purtfi,  undulating  in  planes  at  right  angles 
to  each  other,  will  produce  the  change  denominated  jmlarixation  of 

^B  518.  Partial  polarization  of  Ugrht. — Light  reflected  or  re- 

^^■ttcte<l  at  any  oblique  angle,  is,  iu  general,  partially  polarired ;  and  by 
j^^cpeated  reflections  and  rcfrot^tions  the  degree  of  polarization  is  in- 
'     creased,  until,  at  \mX,  it  is  appai-eutly  completely  polarized. 


519.  Double  re&action  is  a  property  which  certain  transparent 
"crystals  possuss,  of  enuring  u  ray  of  light,  in  passing  through  them,  to 
jUtidergo  two  refractions ;  iliat  is,  tlie  single  ray  of  light  is  divided  into 
ro  separate  rays,  causing  objecta,  men  through  such  a  crystal,  to 
ir  double. 

f^^  (Hiuimon  mineral,  called  Iceland  HjHir,  which  is  a  crystallized  form 
)f  carbonate  of  lime,  possesses,  to  a  remarkable  degree,  these  relVactiug 
'prttperties.     The  form  of  this  crystal   is  that  of  a  rhomb,  or  rhom- 
boid. 

In  all  such  cr)*;itAl8  there  arc  one  or  more  directions  along  whieh 

jhjeeta,  when  viewed  through  them,  appear  singU :  these  directions  are 

termed  the  axes  of  doable  refnu^tion,  or  major  axes.     In  the  case  of 

•land  epar.  thi-re  is  one  such  axis  which  joins  the  two  obtuse  three- 

ided  aiiglett.    if  tJje  suuimtts  of  these  angles  be  ground  down  and 
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poIUhed,  no  douhte  TelVoction  will  be  seen  throagh  the  crystal  io  tbis 
direction. 

On«  oi'  till-  refrarieJ  ruye  will  oonrorm  to  tlio  law  of  ordinary  refiw- 
tion,  and  is,  thcrelbre,  culled  the  ordinary  ray.  The  other  niy  iIoi» 
not  lie  in  th«  suniu  plane  ua  the  incident  and  ordinary  rays,  and  don 
not  oouforni  to  th«  law  of  einea  (394);  and,  therefore,  it  is  call«d  the 
ejUrtiordinnry  ray. 

In  the  case  of  Iceland  spar,  the  index  of  refraction  for  the  ordiour  rar 
is  conetanUy  1.f>543  ;  that  of  Lh(>  extmnrtliimry  ray  riiries,  being  1.4^, 
when  it  makes  an  angle  of  UO"  with  ihe  major  ».^is. 

The  phenomenon  of  doable  refraction  \s  due  to  the  molecular  itw- 
turs  of  tiie  medium  through  which  the  light  pas«e4- 

5^0.  Polarization  by  double  refi-action.— When  light  m 

traiismitted  thi-i>u>(hi  a  dtmble  rcfnu'ting  itiihstaiioe.  \-ia\h  the  ordlnv; 
and  extraordinary  rays  are  thereby  completely  [lolarized.  whatcTsr  be 
the  color  of  the  tif;ht  empluyeil.  TIil'  tourmaline  philc,  or  othvt  iO- 
alyzer,  will  transmit  the  onlinary  image,  aud  wholly  intercc|it  lb* 
other ;  but  if  the  tourmaline  1h>  rotated  HO",  it  will  then  trausmit  tht 
«TtraoTtlinary  and  intercept  the  ordinary  ray. 

S^l.  TJaefol  applications  of  polarijEed  Ug:ht. — Since  the 
discoverr  of  polarized  tight,  its  principles  have  been  applied  to  wai} 
practical  results. 

Thus,  it  has  been  found  that  all  rejiffted  light,  come  firom  whenh'  il 
may,  actjuires  certain  properties  by  which  it  can  he  diatinguishi-d  fmm 
direct  light. 

It  has  been  found  that  light  from  in  candescent  bodies.  a«  red-bol 
iron,  glastf,  etc..  id  polarized  light;  but  that  light  from  an  influmcil 
gaseous  substance,  ae  illuminutiug  gus,  is  tdwayii  in  a  natural  6Uit,ct 
unpotarized.  Applying  these  principles  lo  the  ann,  it  has  beMi  ^^ 
covered  that  tho  light-giving  auhalAuce  of  tlie  auii  is  of  the  natnrtors 
gus.  and  not  a  red-hot  solid  or  liquid  body. 

By  means  of  polarized  light,  the  chemist  can  detect  one-thiitw^ 
millionth  of  a  gramme  of  soda,  and  distinguish  it  from  potassa  orMV 
other  alkali. 

Polarixcd  light  is  found  to  be  of  great  value  in  various  micKWOOpc 
invc'Stigiitions. 

Ksimcially  important  is  such  tight  in  physiological  chemistry.  ■* 
in  the  examination  of  crystals  found  in  various  cavitiui  and  lIuidBvf 
both  plants  and  animals. 

PnlarisiM  light  is  of  great  iniportaaoti  in  many  deiwrtjncnla  of 
natural  scicooe. 
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Stuulowm. 

\o2S.  FigTure  44.— Shadows  of  bodies  larger  than   the 

lumtnatlng  body. — Wheu  lujr'suf  ligliC  ni(imr<!  rmm  a  himiiiinifl 

■Mill  tlir<iitgli  tla-  aurroundiug  apKcu.on  ncx-onnt  of  moriog  in  otjuigbt 

lint*  they  will  be  exotnded   from  the  space  b«hiud  the  body.    The 

]nii«Lrat.ive  (IsrknesB  thns  pmdiicid  ia  called  h  ithadow. 

\\  licii  X\w.  tutninous  body  is  stnuller  thua  the  opaqiip  body,  tb?  ahsdow 

Mf  thf  upaqao  body  wilt  gnultmlly  increase  io  size  with  the  diHtanee* 

without  limit     Thus,  the  ball,  L,  being  larger  than  the  luraiaoaa 

>int  of  the  candle  (supposuig  the  light  of  the  candle  to  ecoausle  from 

ipuinl),  will  cast  a  sliaduw  upon  the  ecreeu,  in  the  thre«  posiCione, 

Kio   44- 


A,  E,  F,  of  different  sizes,  depending  upon  the  dietance,  as  shown. 
The  shadows  on  the  screens  will  be  larger  the  Dearer  the  ball  is  placed 
U)  Ihif  lighL 

If  the  lomtnoiia  body  \a  a  mere  point,  the  body  will  cast  a  weH- 
icd  thadow  npon  the  screen.     If  either  of  the  straight  diverging 

les  Im  ouried  around  the  sphere,  L,  touching  it  all  the  way,  it  will 
mark  the  exact  limits  of  the  shadow  cast  by  the  sphere,  which,  being 
>aotl.  shows  that  li^'bt  oMves  through  air  in  ttraight  lines. 

If  the  laminuiia  tunl  opaque  bodies  be  of  the  same  sixe,  the  shadow 
will  not  itwreue  or  diminish  ;  and  its  shape  will  be  oylindrical. 

Flo,  45. 


\/i'2r^.  Pigar«  4fi.— Shadows  of  bodies  smaller  than  ths 
laminatinfc  body.  -Wlu-u  the  luminous  tHHly,  S,  t«  larger  than 
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the  opaqne  bodjr,  E,  the  shadow  will  gradnallj  diminish  in  sise  ORtif 
it  temiitiates  iu  a  puiat  The  ehui>c  of  the  shadow  of  u  spherical  body 
will  be  that  of  a  coue.  T.  The  length  of  the  cone  will  he  increased  br 
iucruaeiug  the  distuucv  betwevu  the  luminous  aud  opaque  bodir. 

SS4-  TXmbra  and  pantimbra  (Fig.  45).— If  the  illumiaatioj; 
Lod^  is  Dol  a  mere  point,  tUu  i»liaduw  cast  will  hare  uu  iudisliut;l  mn- 
line,  chIUhI  ihtf  penumbra  ;  frompene,  almost,  and  umbra,  u  slmdor. 

S  represents  the  sun  ;  E,  the  earth  ;  T,  the  shadow  or  nmbra  of  tie 
earth ;  J.,  the  penumbra  of  the  earth.  If  the  line,  SE  (to  tlie  end  of 
the  shadow),  ha  turned  around  the  earth  aud  the  sun,  it  mill  dcacnie 
the  circumference  of  the  umbra,  T.  If  either  of  tlie  oross-litiM  br 
carried  around  the  earth  and  suu,  it  will  describe  the  circamferaMf  of 
the  penumbra.  L,  as  far  as  the  extent  of  the  shadow. 

The  breadth  of  the  penumbra  increases  with  the  diameter  of  ih^ 
Inminating  body,  and  with  the  distance  which  the  shadow  nteo^ 
behind  the  ojm((Ufi  Ixidy.  The  darkness  of  the  penumbra  gradDiliv 
increa^u  from  the  liorders  toward  the  umbra. 

SSS.  Figure  46.— Denaity  of  ahadowB. — Shadows  are  of 
different  degrt-cs  of  darkut-ss,  bcvautiu  the  liglit  from  other  ItuntODiu 
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bodi«e  (or  from  iKxlies  reflecting  light)  reaches  the  place  where  the 
shftdow  is  formed.  This  is  ehown  by  light  from  two  or  more  lominous 
points  falling  on  the  same  ojtHfiue  IxmIv. 

Let  A  be  aa  opaque  body  illuminal^  by  tbre*  candles.     The  light  K 
will  product  the  shadow  L ;  the  light  F,  thethadow  K ;  the  light] 
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low  J.     Bui,  M  the  light  IVom  cuoK  of  the  cuDcIlea  shines  upou  uU 

shfttluwe  except  its  uwii,  the  shadows  will  all  be  faint. 

Tor  iDetnncc,  (lie  ohadu'n'  J  Is  illumirmted  by  the  candles  E  and  F, 

tshowD  Uy  the  ctoH».*d  linea.     If  tlie  ciuidle  E  be  extiiig:uiahwl,  the 

low  L  vill  difiApiM>Hr,  and  the  shadows  J  and  K  vill  be  darker.    If 

condlr  F  be  extinguished,  the  shudow  K  wiU  disappev,  and  tho 
low  J  will  Ik-  fitilt  darker  and  well  drliui-d. 

'he  dorkueBS  of  a  shadow,  when  it  is  produced  by  the  interrnptioD 
[the  rays  frum  a  single  luminous  body,  is  proportioucU  to  the  inteu- 

of  the  light. 

ie  forms  of  shadows  prove  thut  light  movci  through  the  air  in 

;ht  lines. 

't^6.  Flgrure   47.— Velocity    of  Uerht.— Light  moves  with 
h  npidiLy  that  iid  muvement  thn}Ugli  any  distance,  limtted  by  the 
^rfiu»  of  the  earth,  cannot  be  appreciated  by  onr  iinuidtnl  sensi's.    Its 
ity  won  Gnt  determined  about  two  hundred  years  ago,  by  the 
>nomcr,  Roemer;  who  observed  Ihat  the  occurrouce  of  the  eclipses 
lupit<;r*i  first  satellite  were  subject  to  certain  unifoi'm  changes. 
rt  A  and  K  represent  the  earLh    in  ditfereiil  parts  of  ita  orbit;  J, 
F  and  I^  Jupiter's  first  moon.    The  direction  in  which  the 
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TJljtii  :inMind   ihc   sun   is    iiidirutt-'O   by  itii  arrow,   as  also  the 
of  the  iMtcllite  aroand  thi^  planet 

moves  from  T,  Its  nvan^nt  poBJtion  In  Jnpiter.  to  S,  its 

ipoiition.  the  intervHls  bt-twioii  the  eonsfCiilive  itlipsi'S  of 

Uif*  aaktettite  gradually  grow  longer ;   whilst  in  moving  from  S  back 
;T,  ''         '    '        I«  grow  flhorti^r.    The  tntAl  rrtanlAtioii  in  passing 
1  iv  IBJ  minutes,  and  just  eqnni  to  the  ac-fvloniUon 

inerhimHliaoktoT.     As  thedistunoe  fVom  TtitHtti  190,000,000 
lanivtlio  vi'locifcy  of  light  (reducing  1f1)  mlnntfs  litsrnDnds) 

j|DOO,i«Kt  dividiHl  by  I>90.  ur  alxiut  I9-v'.(HHi  niiW  piTrn'ond. 

U  T  the  Bat4<l]ite  i»  just  eim-rging  frwni  the  shallow  of  the  planet, 
wiU  b«  suoa  from   the  earth  in  its  position  at  K;  now,  while  the 
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ntf  Uite  pu808  oronnd  to  L  and  again  emergefl  at  F,  the  earth  will 
liavu  moved  od^  say  to  some  jmiut,  as  A ;  hence  the  light  from  tlie 
emerging  satellite  will  be  retarded  I'rom  £  to  A  as  long  as  it  will  tike 
for  light  to  puss  Trom  E  to  A,  and  so  on.  As  the  satellite  revolve 
arouud  the  planet  uvvry  48  hours,  this  process  will  be  repeated  IM 
times  while  the  earth  pagsea  from  T  to  S;  and  104  times,  with  rererw 
effect,  whilf  it  movtia  fVom  S  to  T. 

Velocity  of  light  is  aecertalne*!  hy  other  means  (see  IiOO). 

The  mind  cuntiot  onnoejvo  a  velocity  of  193,000  milee  per  seand. 
Yet  it  takcii  more  than  four  hours  for  the  light  of  Neptuue  to  nscb 
thi'  L'urlh.  It  ia  susceptible  of  proof,  tliat  light  is  three  years  in  oomin; 
from  the  nearest  lixe<l  star  to  the  earth;  while  many  stars  have  ben 
icen,  by  the  aid  of  instrumoDts,  which  astrooomcrs  infer  are  more  tbM 
a  thousand  times  a«  far  from  ns  as  the  nearest  one;  reqniriog  Bwe 
than  three  Ikouxaiid  yi'nrn  for  their  light  to  reach  the  earth,  notwith- 
Standing  Ms  ine(iriceivuble  velocity  of  Id2,000  miles  per  second.  Rov 
vast,  thcrerore,  muKt  \yi  oitr  uiiLveruc  Yet  all  thia  system,  called  oor 
cinstor  of  fitars,  is  hut  a  SDiall  part  of  the  Grand  Whole — the  Bonmi- 
lew. 

S27.  PigTire  48.— Intensity  of  light.— The  intenaity  of  hg^it 

is  the  amount  of  disturbunce  which  it  imparts  to  the  ether. 
The  illuminating  power  of  a  light  depends  upon  several  oondttionii 
1.  As  the  distance  increases  it  becomes  less,  as  wilt  be  exploited 

presently. 

'^.  The  abioUtle  intensity  of  the  light  also  detormines  the  result; 

thtu,  there  are  flames  that  are  very  brilliant  and  others  that  are  paler. 

3.  The  absorbent  efffct  exerted  on  the  passing  rays  by  tlje  air,  or 
other  medium  traversed. 

4.  The  direct  or  oblique  manner  in  which  the  rays  are  received  on 
the  illuminated  surface. 

This  last  condition  is  illustrated  by  the  figure.    The  pamllel  lines 

rupretwnting  a  given  number  of  rays 
of  light,  falling  up<;n  the  obliqae  and 
verHcal  mirrors,  M  and  N.  will  not 
illumiuat^e  them  ef|nally;  for.  all  the 
raya  that  fall  on  M  will  foil  on  N,  by 
removing  M :  hut  M  has  a  larger  enr- 
faee  tlian  N.  ilenw,  the  gn-attwl  illu- 
minating effect,  other  lliings  being 
equal,  will  be  realized  when  the  ray» 
fall  tipun  tlie  illuminated  body  perpen- 
dicular to  its  surtain.-. 
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Photcm«t«ra. 

5S8.  Figrure  48.— Photometers  HTC  iiiBtrumeiit*  used  to  meaa- 
Brtj  the  tx)tjipitriitivf  iiitt^risity  of  ilifftrent  lights.     There  are  aftveftil 
Aude  of  these  instrutiK-iita,  but  iiune  *jX  tlieni  are  as  tutiefractor;  for 
uring  the  int«u«ity  of  lights  an  thermometera  are  for  measuring 
ComparntiTe  heat  of  bodies. 

Ritchie's  photometer  dependi  on  the  equal  illnmination  of  snr- 
:■&     It  tM>iisi,dtet  of  a  bux,  AA,  six  or  eight  inches  long,  by  one  inch 

Fif).  40. 
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8()uare,  in  the  middle  of  whifh  is  a  donble  inclined  plane,  L,  which  \a 
oorered  with  white  paper,  nt^tly  doubled  to  a  aharit  edge  at  the  top  or 
angle.  In  the  top  of  the  box  is  a  conical  tnbe,  P,  at  the  upper  end  of 
which  the  eye  is  placed.  l*huH-  the  two  ligh)>i.  tlio  r-omjmrative  iiiten- 
aties  of  which  are  to  be  determined,  at  opposite  ends  of  the  box.  and 
e  reflected  light  of  each  vrill  be  seen  at  the  tvp  of  the  tube,  F,  aa  rep- 
ivaented  by  the  arrows.  Now  plnce  the  brighter  light  of  the  two  at 
eiich  a  distance  that  its  refl«-ct«'d  light  will  equal  thai  of  the  other. 
Then,  measuring  their  distances  from  the  paper  on  the  inclined  planes, 
their  illuminating  {towers  arc  as  the  8r|uarc«  of  those  distances. 

Htunford's  photometer  depends  on  the  principle,  tlmt  of  two 
lights,  the  more  brilliant  one  will  ciwt  llic  deeiK-st  shadow, — the 
brighter  light  beinj,'  removed  from  the  ground-glass  screen  until  the 
aliadowB  are  of  etjual  density.  Then,  as  before,  their  relative  inti-nsi- 
ties  are  as  the  8t|iiare8  of  the  distance*  of  the  lights  from  thu  shadows. 
A  partition  may  be  placed  between  the  lightSL 

SUUman's  photometer  is  the  reverse  of  Rumronl's,  comparing 
'o  disks  of  light  thro«n  up  by  two  v\\\xn\  triangular  prismB.  upon  a 
Uk  of  gmand  glass  in  the  body  of  a  dark  chamber. 
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Bunsen's  photometer  is  convenient,  and  conwels  of  a  disk  of 
iiper,  four  or  tivw  incla-s  in  diameter,  rendei>-nj  translucent  by  washing 
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it  with  parafilnc  dissolvod  in  oil  of  turpontino,  except  a  aniall  port  i>f  it 
ID  the  centre.  Place  this  disk  bvtw«ea  the  two  lig^ht^,  und  if  ttim 
inteniiitiifS  arc  une<iuul  the  tnuisluccnt  part  can  be  diatinguJBlied  fna 
the  ceutnU  part  of  the  pupi>r ;  but  when  the  disk  is  placed  so  thiit  tbe 
two  parts  of  the  paper  appear  the  eame,  tbe  disk  Is  i-qiialty  illaminile^ 
by  the  tvro  lights,  for  which  ri-^isoii  no  light  shinud  tlirough.  Of  counv, 
the  rolatiro  intensitii'ji  of  the  two  lights,  as  before,  will  be  ae  the  oqiurei 
of  their  distances  from  tbe  disk. 

3S9.  Fi^iire  50.— Intensity  of  light  at  different  diB- 

tances. —  It.  can  \h-  Hhuwn,  matlieniaiicaUv.  that  the  inioiisity  of  light, 
coming  from  the  same  aoorce,  i'ari«t  invvneiy  as  the  sqtiare  o/Uiodtt- 
taneefrmn  ii9  nouree. 

If  n  boonl,  one  foot  squnre,  be  placed  one  foot  from  the  luminoui 
[wint^  it  will  oast  a  sliadow  that  will  cover  a  epace  two  feet  sqowe    at 

Fio.  50. 


double  the  distance,  and  three  fwt  flcjnar»*  at  thn^  time*  thedi8tai»*5* 
and  so  on  (448).  The  artias,  of  these  ahadowg  will  be  as  the  aqoare  *^' 
their  distances  tram  the  Inminous  point,  or  as  l",  2',  S^,  etc  or  " 
1.  4,  tl.  as  shnwn  in  the  diasmm.  bv  the  dotted  linea.  Bntas  no  m*^*^ 
light  would  <x«Hpy  the  space  at  3  feet  than  at  2  feet  or  at  1  foot  Irty"^ 
the  lumiuoim  {wint,  the  intensity  of  light  at  1.  3.  3,  etc.  feet,  is  00 
f*  i.  ^tc^  or  «s  9,  4. 1. 

Henoi>  it  is  seen  that  light  follows  the  same  law,  with  regard  to    ■  ^ 
iulensity  at  different  dlstoneos,  that  is  obacrrcd  for  gravity,  heal,  »»* 
sonnd. 
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CHAPTER     XII. 

(CHART  NO.  7.) 

Acocsncs. 

rBODDCTIOH    AND    PBOPAOATtOH    OF    SOOBD. 

SSO.  Definition. — Acunstics  (Bignitying  to  hear)  is  that  branch 
of  Pb)'sics  which  tn-ats  of  the  nutuit*,  phenomono,  and  laws  of  sound. 

53  J.  Sonorous  or  sounding  bodiM.— If  ad  trlastic  UkI)-,  for 
example.  ■  glawi  b«ll-jar,  held  by  the  knob,  hf.  struck  with  the  kimckJe, 
ixs  panicles  exfcuU<  a  aeries  of  tremulous  movements,  and  j^raduall; 
return  to  a  position  of  resc  Bodies  thus  capable  of  vibnting  are  said 
to  be  9onorvu*  bodies. 

iSSS.  Modiuzns. — A  mMium  ie  that  stibetauce  which  iiiterventw 
betwov'D  the  sonorous  bodj  and  the  organ  of  hearing,  or  tho  andttory 
ne^T^^    TIic  onlinary  mf<liuin  is  the  atmoephvric  air. 

A  modiiini,  thrrfifore,  tvann-initii  the  vibrations  of  the  sonorous  body 
to  the  organ  of  hoiiring.  The  air  adjacent  to  the  sonorous  or  ribrating 
body  is  thrown  into  a  wavo-like  niutioii.  and  this  moremeut  of  the  air 
is  cummnuiRab^d  to  the  air  next  b«yond,  and  so  on,  until  l\\e  mund- 
Kutw  dashes  against  the  dram  of  the  ear ;  whence  it  is  transmitted,  by 
II  cvniple-t  meoUanism,  to  the  anditorr  nerve,  and  so  to  th*.*  seMsorium, 
or  seat  of  sensation.  In  mpid  sticc^^fiions.  these  condensations  nnd 
rarefactions,  or  sound-waves,  flow  fVom  the  sonorous  body  until  its 
Tibrations  cvt^ee. 

Other  gabstanccs,  besides  air,  act  as  media,  sach  as  wood,  water, 
irnn,  etc. 

/i.^S.  Sound  a  sensation. — Sound  is  the  sensation  produced  on 
1  111  of  lie;irin>;,  by  rlu-  vibrations  of  aonorons  bodies,  communi- 

t  ^  nndiiintions  or  Bound-waTes  of  intervening  media.    The  jar- 

Holes  of  the  medium  do  not  pass  from  the  sonorous  body  to  the  ear, 
onU  the  nndulatinns.  The  sonnrotis  body  may  exist  and  the  waves 
hut  these  dn  not  eonetititte  snuiid  ;  the  fenxaiion  which  they  pro- 
ditoc  on  tlie  sensoriuni  is  what  is  culled  sound. 
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534'  IJifforent  sounds. — The  quality  of  sounds  or  the  chantclcr 
of  impression  on  the  auditory  nenre,  depends  upon  the  peculiaritj  of 
the  waves  or  iiiuluhitiona  which  fall  u]M>n  the  car;  and  the«e  vill 
depend  upon  tlic  nature  of  the  sonorautt  body,  and  the  character  of  tlM 
ntedium  or  media  through  which  the  vibratioas  of  the  eonorous  hod/ 
are  transmitted  to  the  ear. 

535.  Sonorons  difference  of  bodies.— The  quality  of  »i»- 
rousnesa  of  a  boily  di'^iwiida  njHjn  itj*  naiiire  and  molecular  Btnictuje, 
ita  ahape.  its  size,  ote.  For  example,  every  bell  will  differ  in  \\z  vibn- 
tions  from  every  other  bell,  from  which  it  Uiflers  either  in  compositioB, 
size,  or  ehape.  Every  kiud  of  wood  has  Us  own  quality  of  ioDorcnu- 
ne«s ;  aud  a  piece  of  any  particular  kind  of  wood  will  var}-  with  ttt 
shape,  size,  dryness,  etc  The  same  is  true  of  different  metalii  and 
other  ootids. 

If  Btiings  be  stretched  between  two  fixed  points,  and  made  to  vibtUft 
the  quality  of  the  vibrations  will  vary  with  their  coniiKMition,  teaiioo. 
length,  diameter,  etc 

It  18  upon  this  diSerence  of  sonorousness,  depending  on  exact  «ndi- 
tioiis,  that  we  are  enabled  to  construct  language,  s[>ecch,  music,  and,  in 
many  ways,  to  cxtond  scientific  investigation.  It  is  made  valuttbic  tm 
of  in  the  investigation  of  certain  diseases  of  the  human  body.  If  the 
forefinger  he  placed  upon  the  bo<ly,  over  any  parttcuUr  organ,  as  ^ 
liver,  lungs,  heart,  etc,  and  rapped  with  the  ends  of  the  fingers  of  tM 
other  hand,  a  certain  sonorousness  wilt  he  perceived,  varying  iu  diffM" 
ont  |>08itioiis  on  the  body.  The  physician,  having  become  funiliv 
with  tliese  difTerent  sounds  for  the  htaUhy  and  for  the  unhvaltht/  statet 
or  conditions  of  thest  differt-nt  organs,  is  enabled,  in  any  given  cbK)  ''' 
determine  almost  the  precise  comlitJon  of  an  internal  organ  hj  th» 
means,  known  aa  pereuMian  (to  Btrike)  and  auscultaiion  (to  li8ten)> 


536.  Time  is  required  for  the  transmission  of  sound*^ 
The  blows  of  a  hammer  at  a  distance  are  hmrd  a  sensible  interval  '^ 
tim«  aft«r  the  hammer  is  seen  to  fall  The  flash  of  a  cannon  is  ae^^ 
an  appreciable  time  l)efore  the  report  is  heard,  though  the  gun  he  l**** 
a  little  distance  tram  the  observer.  Thunder  is  heard  after  the  fltf^*^ 
of  lightning  is  seen,  eto. 

537.  Calculation  of  distance  by  sound. — Knowing  tiie  "^ 
locity  of  sound,  and  considering  thnt  of  light  to  be  instantaneous,  *-*^ 
distance  between  the  obeerver  and  the  sonorous  body  may  be  caloul»t^ 
by  observing,  as  in  the  case  of  th«  cannon,  the  length  of  time  int^ 
vuning  l>etWL-en  the  flaah  and  report. 
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Telocity  of  Sound. 

The  velooi^  of  all  soonds  is  tho  aaiue.— Tlio  rt^ 

iiiy  of  Mund  is  Uiv  epacu  that  it  Lraversi-s  in  a  setHtnd.     The  velocity 

th«  ribnitiotis  of  soooroas  bodies,  in  the  aam<j  mt-diam.  is  tfic  sauau 

all  euuDda,  grsre  or  aharp,  strong  or  ftvliU-,  aud  whatet^cr  may  bv 

tvir  pitch.    For  example,  there  is  oo  confusion  in  the  elTects  of  muno, 

wbabever  didtouce  it  may  be  hevd. 


SSO.  Velocity  of  aouud  in  air. — By  namerons  experiments,  H 
bi^n  found — 

I.  That  vilocily  of  eound  decreiiee*  with  the  temperature.    At  60*  F« 

is  1 106  feet  per  second.  Tho  velocity  dimtniahes  abont  one  foot  and 
!t«nth  for  every  degree  of  fiitl  of  tf mpcnUnns. 

S.  That,  at  the  same  tumiwrature,  the  velocity  remains  the  Muna, 
<tber  the  sky  is  bright  or  cloudy,  the  sir  clear  or  fuggy,  the  bare- 

etric  pressure  great  or  small,  provided  thu  air  is  tram^iiil.  The  in/pu- 
tif  of  the  aouiid.  however,  as  it  fatla  upon  the  ear,  is  more  or  leaa 
rected  liy  all  thviR'  conditions  (55'!). 

3.  That  tito  velocity  varies  vrith  the  direction  and  velocity  of  the 
ind  (hid). 

S40.  Velocity  of  sound  in  different  graiBefl  and  vapors. 

t>Tho  velocity  of  sound  in  ttie  different  gaaes,  is  in  the  inverse  ratio 
the  «(narc  nKtt  of  their  deiisitie* 

At  the  temiierutnre  of  3'^°  K„  the  velocity  of  sonnd  in  carbonic  acid 
ftfiO  fivt  por  aecond;  in  oxygen,  1040  feetj  in  air,  101M>J14  fe^t ;  in 

iydrugcn.  4163  feet, 

5^/.  Velocity  of  sound  In  liquids. — ."^nnd  ie  transmitted 
irough  li'juids  OA  wi-l)  us  through  giue<L  Experiments  proro 
tat  then-lociiy  nf  sonnd  in  water  is  4708  feet  jier  second,  being  greater 
in  bydn^n  gas,  and  four  and  a  half  times  gn^iter  than   in 

AjdtAtion  of  the  liquids  does  not  affect  citliur  the  velocity  or  inim- 

'ind.     [lul  the  interposition  of  solid  liodiee.  ils  vails,  etc., 
.  j,i  the  «jund  in  water — an  effect  which  does  not  take  pbico 
Clw  aune  dei^vo  in  air. 

^G4^.  Velocity  of  sound  in  solids. — Hotid  iMdies  tmnamit 
md  with  mneh  gfvuter  rapidity  Ibon  gaseti  or  li(|uida;  but  the  velo- 
>  >'l  Milida,  vuTtog  with  their  e1asticiiy»  density, 

( Liire. 
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W<uit  of  bomogeneity  interferes  with  the  prupagfttion  of  aooonai 
vibrations.    The  vt^lix^itj  of  ^ountl  in  iruti  ii  11,009  fixrt  p<>'r  luoood. 

It  would  require  nearly  three  years  for  sound  to  bo  tnuumitted  by  n 
tmn  rod  extending  fVom  the  «nn  to  tha  e*rth.  the  diftsnoe  that  Ugfat 
travels  in  eight  and  a  half  minntes.  In  vood  the  velocity  ii  from  t« 
U)  tifleen  times  greater  than  in  air. 

^4'^.  Time   required  to   dlstlngulBh   Boonda.— The  m 

cannot  diatinguish  ow  ^otmd  from  HnoUicr,  if  tlicy  succocd  each  oUuf 
at  an  interval  of  kas  than  one-ninth  of  a  second. 


aBrLccTtniT  nv  •or«i». 
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544'  "^^^r^^^^  l.—Belleotlozi  of  Botuid  at  right 
anglea.— When  warefi  of  8ound,  or  niCber  nares  ot-ut 
uu  wtiich  ^juiid  n  borne,  impinge  oti  o  xolid  curfiwt. 
they  ore  reflected  from  it.  The  laws  regulating  rvUfc- 
tion  of  §ound  are  the  wme  a«  those  which  govern  ^ 
rvfU'ctioH  of  motion  (67),  and  heat  (S91),  and  light  (HW) 

The  waves  have  the  same  velocity  and  cnnralun' aOif 
as  beforo  reBection.  If  the  undntationii  fall  upon  a  bod} 
in  the  dirvt^tiou  |)eq)endicular  to  the  i'  ''  '  /  enrfue. 
they  axe  reflected  in  the  direotion  of  tl<  ni  nil*, 

us  indicatc>d  by  tbe  arrow. 


546.  Figure  2.— Sounds  reflected  at  oblique  anftlM.— 

If  UL  bi?  the  (lirfL-Lion  of  incident  wav*-*,  ujk.u  rlu-  yUtw  *mv 
I.'[„  'i  the   n-flfcifd   wiiycs   a-ill    ..j 

direction  LT,  making  Lho 
n-fli'dion.  NhT.  (.ijttal  tii  tbe 
of  incident  NLII. 

.7^/7.     Circular  -waves 
fleeted    fttiro    a    plane. --If 
rircular  wave  Ikll  npun  a  pbuw  m^ 
face  at  ri^ht  angka  to  it,  aitar 
flvetioti  it  has  the  nuu*  ctim 
with  the  curve  rrrersed  i  tbe  »ame  ns  it  wonid  have  bi;*>n  had  tjig 
originated  from  a  point  on  the  op|iosite  side  of  thr  plan*,  and 
'  back  0*  the  point  of  origin  itself  ii  in  front  of  the  planv. 


547.  Bchoe*. — An  t-cho  is  a  repetition  of  auund,  oa" 
lion  of  the  aonnd-WBTeg  Irom  an  obotuole,  av  a  rrwk  or  ti 
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'  less  remote    Thns,  a  aoan<I,  emanating  at  a  distance  (Vom  a  henrer, 
'heinl  tirst  by  the  direct  or  originut  undulations,  and  afterward  by 
I'Uke  nllecuxl  waves. 

In  order  to  produce  an  echo,  therefore,  the  reflecting  body  must  be 

'lufficiently  distant  from  the  source  of  sou od,  to  make  the  time  be- 

tireeri  the  arrival  of  the  original  and  rt-flected  wavea  t-qnal  to  or  greater 

Uian  otu-uinth  of  a  «eoond  (d-tS) ;  otbt;rffi«H  the  original  and  reflocted 

ffoiinda  will  blend  together,  and  produce  what  is  called  a  rewnnnce,  and 

Out  an  echo.     U^nce,  in  small  rooma,  less  tlian  a-lmut  63  fwt  acroea, 

there  can  be  no  echo;  for,  um  sound-waves  move  at  the  rale,  say,  of 

1.1:25  feet  per  second  (539),  they  vi^ould  cross  the  room  and  return  to 

tile  hearer  in  Ie«8  time  than  one-ninth  of  a  a^couil,  if  the  walls  were 

bearer  to  each  other  than  about  f;3  feet ;  tliuB  producing  a  resonance 

(54a),  inatead  of  an  echo. 

A.t  this  distance,  «mly  the  echo  of  the  last  Byllabl<>  of  a  sentence  will 

^  heard.     If  tlio  distance  be  twice,  thrice,  etc.,  us  fur,  then  there  will 

^  echoes  of  two,  thref,  etc,  of  the  last  Byllabtee.    Thir  din-ct  sound 

>ui{l  reflected  aoond  of  the  other  ayllablca  will  be  confounded  with  each 

other. 

V  S4^.  Figure  3.— Multiple  echoee.— The  same  sound  may  be 
t*9ected  from  several  objects  situated  in  different  directions  and  at 
different  distances,  producing  what  are  called  multiple  echoes. 
If  AH  and  BP  represent  two  parallel  walla,  and  a  sound  emanate  at 

Fig.  8. 


A.  it  will  nulialo  in  all  directions  toward  the  ap|K>siU'  wiill.  In  ]ki6s- 
ing  to  B.  it  will  b(?  retlectt-d  bat^k  Ut  A;  in  piisfling  to  T,  back  to  S, 
whence  it  will  be  again  reflected  to  F  and  back  again  to  II.  and  so  on. 
If  the  wall  HP  be  nearer  to  the  wall  AH.  as  in  the  iwsition  of  the  line 
KL,  the  nnmber  of  reflections  will  be  increased.  One  track  of  the 
waves,  in  this  cane,  wmild  be  Al,  IN.  N2,  "iS,  SS,  and  so  on. 

If  the  sound  emunnto.  for  iiir!taiice,  from  S,   it  would  be  reflected 
>m  T  to  A  and  from  F  to  H  ;  or,  in  case  of  the  wall  being  at  KL, 
len  from  2  to  N,  N  to  1,  etc. ;  and  from  3  to  K,  E  to  4,  etc 


liM 


ACOUSTICS. 


Thtfiv  are  perallel  walls  vrhicli  are  uid  to  tvpeat  louiid  from  tweniT 
to  thirty  timeft. 

El-hoes  modify  the  h/ie-n  0/  tonnd  ;  acme  rendering  tht^in  with  a  «>ft» 
ened,  others  with  a  roughuat'd  tone,  othem  with  a  plaliitivft  accvni,  etc 

Reflecting  snrTacvs  <lu  nut  neceiisariljr  n<(|iiire  to  he  hard  and  RoitxtUi. 
Tor  sounds  an*  rulU-ctvJ  from  the  clouds;  aiidafevhlv  vi'hn  iMXtineTm 
when  Bound  paeaci  Trom  one  ma«  of  air  to  another  of  dtfTon-nt  driuit;. 

S4^.  Beaonanoft.— When  eouads  are  reflocted  from  obatadM  at « 
le«s  distance  tban  about  63  feet,  or  frcho>diatancc  {A47),  the  retedtA 
soniul  ie  ^n))«rimpofted  upon  thi- direct  one,  Ihiu giving  riw  toaatiwngt^ 
cned  6oiuid,  which  is  called  rftnuance, 

II  ia  easier  to  speuk  in  a  clu8i*d  aiwrtmunt  than  in  Uie  open  air,  ii 
Donaequenco  of  the  resonaucp  from  tho  walls. 

Tliv  reeonancv  is  mun-  iiercupiible  when  thu  walU  are  pkia  aii4 
elastic.  H^nce,  it  is  more  clearly  jwrceived  in  rooms  devwd  of  funn* 
tare,  dn^ries,  and  carpets. 

^f"  *■  5.50.  Figrure  4.— Sound  refltettd 

in  a  Bpber«.— If  sound  were  to  twojaia 
lit  the  Cfutrt  of  a  hollow  ^pliyn.',  thr  "liilB- 
latioDS  would  reach  the  interior  gnr(JM'»i 
all  points  at  the   aame  time;   and,  ^  > 
on  thn   surface   at  ri<;ht   aiigliw.   troiiM  il 
lii>   rutlucti'd  back  to  thr  ci-ntneat  ijir  miu- 
time,  cuiising  a  ooaoentratioa  of  «cbv  •< 
resuuuuoe.  dopvudiug  npon  th«  suw  of  Uu 
aplierc. 

-Sound  propaffatod  firom   th«  fod  ot 
an  dlUpM. — If  thf  figure  bt-  an  clUpM*  and  a  wave  emanate  tvm  If  • 

tuu- of  thi' foi'i.  n'    '  '*• 

coMvergVjSouii  I  ■  "^ 

otuljr.  afl<.'r  reflection,  .^ 
otbcr  foctiB  L,  as  shown  Li;  \i"- 
lincs.  This  is  U*cauik>  t(i«M^ 
gUv  of  incidonco  are  c^jbaI  ib 
thoeo  of  n!iflcotion.  from  focui 
to  focus. 


SSS.  Whlapering  g«U»- 
rles  arr-  sn  called  Ucauae  a  low  whisper  uttfped  in  ono  iy»int  in  ih*-m 
mu)  be  heard  .lisfifu  tly  at  another  and  distant  point,  iriulp  i(  \s  iato- 
dil>)<>  in  nil  oth^r  iHwitiouB. 


66 1.  Figure  S. 
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bK  galleries  arc  of  ellipsoidal  shape ;  and  the  whisporing  takes 
at  ODe  focns  and  is  heard  at  the  other.  The  reason  thu  whiajwr- 
tiuiot  l>e  heard  at  othvr  poinl^,  ih  because  thfnt  ta  no  other  point 
Btbe  ravB  converge.  For  this  rcaeon,  too,  the  whispering  cannot 
ord  UDleits  it  taken  pUiOe  in  one  of  the  focL 

iS.  Audience  rooms. — In  the  construction  of  pnblio  rooms 
te  pur^jow:  oi  ept-akitig,  nuch  rumm  should  be  avoidtxl  as  produce 
is  and  reverberatiou,  which  impali-  the  distinctness  with  which  the 
t»r  ifl  heard. 

'an  elaborate  series  of  experiments  and  obserrationB.  it  m  found 
the  iM^st  form  For  an  iiutlii-iK^^  i-nuiii  is  Dtie  6ha|itrd  liku  a  fan,  the 
Ith  in  front  of  the  ^iH-aker  being  eixty-foar  feet,  and  the  Ivn^'th 
Inndrcd  feet.  Tliu  height  of  the  room  should  nut  exceed  thirty  or 
r-five  feet. 

}4'  ^i8^"'o  6.— Reflection  of  waves  by  parabolic  curves. 
e  nature  of  a  parabolic  cnrTC,  as  pix-'viously  shown  (3Ui!).  is  such 
hcutr  light,  and  sound  proceeding  from  its  focus  will  be  rvflii^ted, 
ko  cnrre-,  in  parallel  lines;  or,  conversely,  parallel  rays,  falling 
the  curve,  will  be  refl(*ted  to  the  focus. 

js  is  proved  by  the  fact,  that  if  two  such  onnres  be  placed  oppo- 
D,  and  several  yards  fVom.  each  other,  m  repriiisented,  and  a  watch 

Fiu.  6, 


i! 


^e  to  lick  in  llu-  IWiis,  F,  of  one,  it  will  be  beard  in  the  focuis  U 

*  other,  although  it  tick  8o  faintly  that  it  cannot  be  heard  at  any 

'  point  between  them,  even  if  the  oar  be  placed  quite  near  the 

i. 

is  proves  again^  that  tlie  angles  of  incidence  and  reflection  are 

^^P  Zntenaity  of  SouncL 

\5.  The  Intensity  of  sound  is  its  loudness;  which  depends 

,  the  amplitude  of  the  waves;  which,  in  turn,  depends  upon  the 
impUtude  of  the  vihratioua  of  the  sounding  or  sonorous  body. 
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556.  Causes  which  modliy  the  intensity  of  souncL— Be 

foUowtiig  aru  twine  of  the  causes  which  mudify  the  inttusity  of  s>ni«l: 

1.  Il  i«  showu  by  theory  and  vx[tenmei)t  that  the  iiitensitv  of  somiJ 
at  different  distances  U  subject  to  the  same  law  which  govemi  hcftl  ind 
light  and  jfravity.  That  is,  the  uiteimlij  of  itonnd  varie»  iuv*rMJgi$ 
the  square  of  the  disianct  from  the  sonorous  body. 

2.  TIu-  intensity  ofatmnd  diiiiinish'ea  with  thf  aMp/rVKcfe  of  the  f ibn- 
tion  of  the  aerial  particles.  This  will  be  appreciated  by  loukiagtl  (Ik 
vibrations  of  a  iiiiisicul  coni  or  a  tuning-fork,  and  uhwrviug  thit  tlic 
souud  grows  ikintcr  lu  thu  amplittidu  of  the  vibrations  dimiQUhti. 

3.  Sound  is  nuklified  by  the  dfttsUy  of  the  air.  If  the  air  ianreCnl, 
the  intensity  'm  diminished,  ns  shown  by  ringing  a  bell  in  tliw  exhMibd 
receiver,  Fig.  23  (5..>).  Hence,  as  a  diminntioii  of  heat  incre***  Uifl 
density  of  tAr,  sounds  arc  loader  in  cold  than  warm  weather. 

4.  Watery  vapor  being  n  good  conductor  of  eound,  its  prvaenoe  iu  \\^ 
air  increasi-s  the  iatoueiCy  of  sountls. 

5.  Tht  teiHd  modifies  sound.  The  effect  of  wind  is  to  move  the'kole 
mass  of  air,  Cjirrying  along  the  sound-waves  unaltered.  Henw  tlie 
velocity  of  sound  is  increased  or  diminished  by  the  velocity  of  tie 
wind,  aocordiiig  oa  the  direction  of  the  wind  corresponds  with  or  " 
opposed  to  the  direction  of  the  sound. 

Q.  The  intensity  of  eound  is  incn-ased  if  the  sonorons  body  isincAi- 
tjict  with  or  not  far  IVom  another  body,,  capable  of  vibrating  in  uQisso 
with  iu 

It  i«  npon  this  principle  that  eonnding-boards  are  employed  in  niuii- 
eal  inatrumculA,  aa  the  piano,  etc  In  the  case  of  the  violin,  thciii" 
the  body  of  the  ioDtruineut  vibrates  in  uuiaon  with  the  cords  or  strinp- 

SST.  Intensity  of  sounds  in  tubes.— If  the  Bonud-warrt*" 
pruvimteil  from  spiiiuling  in  all  directinus,  the  i>article«  of  air  loeel""' 
little  of  their  motion,  and  the  sonnd  but  little  of  its  intensity.  lleuM 
ttie  employment  of  epeuking  tubes,  through  which  converaatioQ  c»n  ^ 
Caudnct«d  in  a  low  tone  of  voice  by  persons  situated  a  mile  froW  <** 
oth»r. 

This  will  be  understood  by  referring  to  Fig.  3  (548).  The  mw«' 
sound,  AT.  is  more  intense  at  I  than  at  T,  and  more  intense  at  T  tlit" 
it  Would  he  further  on  in  its  diivct  course.  Hence  the  intcQsitJ^" 
is  greater  when  ihv  wave  takes  the  track,  Al,  IN,  N^  3.S,  Uiao  vlwn 
it  takes  the  tnak  AT.  TS. 


SS3.  Figure  7.— The  eax-trumpet.— This  is  an  instrnmeBt 
employed  ui  iiUvnsi(\'  &.>iind,  to  assii^t  |>ere>uDs  who  arc  hard  of  liL-oring' 
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Tho  rootitlif  M,  ot  the  instrament  »  tnrned  in  any  coDTeni<>ot  dini^ 
tioQ.  Aud  ibi!  small  end,  N.  is  placed  in  tho  ^ar. 

It  VI14  fomif^rly  nuf^p^i^i-'d  tlmt  llio  odrantajrcof  the  inBtrtiini^nt  wm 

re  to  rpflccUou  uf  ilie  sutind  witliia  the  trumjiet,  in  aufh  a  DioQuor 
to  ounvergo  tbL>  aiiduluLious  uiid  dinvt  tbein  Ui  a  Tocus  at  the  imint 
contaol  bctwocu  the  itutmioeot  and  the  ear,  aa  iUD»lJut«d  by  the 
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bat  it  haa  beca  fuund  that  thv  instnimenl  docs  not  operate  upon 
liriociple.     ItD  adi'aiilage  is  due,  Ist,  to  Che  princtplc  explained  in 
pn-vionn  article,  and  iil,  Ui  it8  wide  mouth  and  c^oniual  ahupe,  irre- 
tiTc  of  its  othiLTvriso  esact  fomi,  by  which  Um  {wrlionK  of  coni- 
or  dihltt^d  air,  which  arrive  at  the  fixterior  opening,  traasmic 
cximpreBUous  or  dilatatiotu  to  porliooE  of  air  imaller  and  smaUer, 
aad  CDuiRKtueutly  transmit  tlicu  with  ii)ca>u«ed  intensity. 

The  Tumi  uf  the  extenial  ear  of  animals  favors  the  collection  of  sonnd 
in  the  siuuv  manner. 

SS9.  FlgTire  8.— Speaking- trumpet.— This  Is  an  inatrument 

iployed  u*  iiiit-iidiry  tltc  voii^.-,  that  it  iiiay  be  heard  In  the  midst  uf 

auouds,  and  uliu  Fur  conveying  the  voice  to  a  great  distance. 

Flo.  8. 


JPh*  itiiamramt  h  eonical,  terminurpd  by  a  bell-shaped  extremity,  M, 
prundfd  with  a  suitable  mouih-pieoc,  L. 
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A»  ID  the  case  of  the  ear<truinpel,  it  wu  IbnaoHy  sappoeetl  tbt  •tt* 
vantage  of  the  speaking- unirapoL  woi  dut  to  the  r^H^^iion  of  the  Bads* 
Utioiis,  ill  Kuch  a  maimer  that  th«j  mned  in  Uiu  dirvclton  of  lh»  u» 
of  the  instrument,  as  rcpre«ientvd  b;  the  dottc-d  linos,  li  hu  bets 
shovn,  howtiver,  thnt  tlie  efficiency  of  tho  inatrunmat  u  nui  d»»  lu 
rp^LTtion  of  Boiiml  l>oni  ila  walU,  but  «im|ily  lu  thf  groai'-  ■•■'  imij 
of  iht>  jmliuitioug  produced  iu  tim  cohiniu  of  uunliuud  air,  t> .  jU 

in  uQiflon  with  the  voice  at  Uie  monthpieoe. 

S60.  Flgrore  9.~Vibrations  of  sonorous  bodies  illw- 
trated  by  the  Jeivs-harp. — Thid  little   rnKtniin-.-ni.  I'laniltu'  v 

ewry  tnie,  utTonJs  n  curirt*ni«nl  Ulll^ 
tratiun  of  tho  vibmtkin*  of  mikk 
roiu  biMl  ieJL  If  itj  li>n|{ti«  b«  Kruk 
witli  tbu  llngL-r,  itd  vitmtioni  an 
\te  distinctly  area. 

The  diffcnrnC  mnnilj  g^wn  rai 
by  this  inBtrnnieut,  vhtiu  in  iw. 
de]>c-nd  u|H>n  tho  varioLjiia  of  ih* 
eujTcnt«  of  air  blown  ikvuu  iii 
tongtie  by  the  player,  and  npm 
varying  the  relative  position  of  the  lips  and  inabnimetit  (666). 

66 J.  Flg^ire  10.— Sound- waves  caused  by  strikiog  t 
belL — The  vibrating  bell  cuufics  the  air  tu  be  thrown  into  vans  of 


Fi«.  la 
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m:K 


■  "i*    vSCfk  Z  "■  ~  —    -  '-  '-<-  ;i-,'- 


eondtiuatiw  and  rare/aetion,  Th«  nrefaclions  are  ihown  by  tb* 
darker  portions  of  the  tlgure,  and  the  fxuidentnlions  by  tiie  lighlcr  p*^ 
tion«  (667). 

<it}^.  Flg^ire  11.— The  cause  of  rlbr&tlous  in  sonoi 
'bodies  illustrated  by  a  beU.— I^t  tJic  dotted  circle  rei 
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fce  rim  of  a  b*ll  At  rest    If  the  rim  of  Vxa   it. 

bell  be  gtmok  villi  h  haromer.  it  ia 

irovru  out  of  tliv  ciruuUr  atiA[te  into  xhc 

of  iiti  ellip8«^',  shown  by  citiu-r  uf  tin* 

llipticdl  curves.    Now,  tia  tin-  U'll  is  au 

tie  body,  it  will  epnug  buck,  not  only 

itii  rirLMlUr  form,  but  to  tliv  furni  of  lui 

lliiuo  situated   at  right  unglcB   to  the 

«lU|i6ie,  Buil  Ml  OD :  a)tenia1(;ty  up- 

ling  and   rocvding  frum  the  jioei- 

3n  of  cijinlibntini,  eacli  vibration  dtniiti- 

in  4iniplitudis  until  all  parts  of  the  bell  come  again  to  a  stat^^'  of 

,  ia  the  springing  of  the  bril  forward  and  backward,  in  this  innnnto-, 
■  pTDpagatca  the  andiilaiioug  bhown  in  the  previous  Qgnre. 
A«  thtf  bell  springs  forward,  strikiog  the  air,  a  wave  of  condensatiOH 
ipnidacvd.  and  lu  it  recedes  from  the  air.  a  wave  of  rarefactioD  is 
luMd  (&fi7). 

//OS.  Figure  IS.— Harmonicon.— This  is  a  mnsical  instrn- 
pnt,  oouiiii^iing  of  a  number  of  ^'la^  goblets  of  different  sizes,  (iUitcuod 

Fio.  19. 
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"."Til  of  a  hti\  wliirh  lU'W  iw  a.  finnndine-bMiir.1.  iiml  ■=<-  amined 

■  M  to  form  till'  liuruionicAl  eea\v.     Tin'  i:ljv^-'S  nro  made 

Tibruii!  by  toachiiig  tbu  edges  with  tin-  wet  lln^r,  and  tliuir  tuuvs 

IT  be  prolonged,  and  modr  to  swell  or  diminish,  like  those  of  the 

>lin.    Tbia  fiiujplf  contrivanof.  OmL  iiiTi-uleU  by  Krankliu.  alfords 

lutiiu  which  for  iittv<>tii<'«s.  d^lit-ary.  and  smotithiienxi,  is  hardljr  sitr- 

br  tliac  uf  anv  ••thfr  iudtrnnii'nt. 
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Interference  of  Sound. 

564-  ngTwe  13.— Interference  of  Bound. — If  twoaeriuof 
sonorous  uuilulatioiia  eucouiit^^r  eiich  otiu-r  in  upiiosite  phases  of  ritn- 
Pj,,   y^  tioii,  the  plionomeiia  of  interference  wUl  be  jnv- 

iluced. 

If  )wlh  urms  of  the  tQning-forlt.  arc  vibniinir. 
lilt.'}'  will  tvcvtlu  I'roin  and  approach  each  utlier,  u 
ii](licat«il  by  the  dotted  lines-     If  the  initnimciit  Ik 
liluL-ed  about  a  foot  from  tht?  car,  with  the  brsiuli< 
r-quidigtmit,  both  soimdawill  lie  )iean),  for  them 
rombine  their  ofTecUi.     But,  if  the  fork  be  dwlS 
iiirned  fu-ouiid,  the  sound  will  grow  more  aod  no r* 
fuint.  imtil  a  jiotfition  vill   b<>  reached  iu  nliirlrai 
owing  to  interference,  total  silence  will  result   ■  1 
however,  one  of  the  arms  oeaees  to  ribrate  the  ath^^ 
will  be  heard.    Sec  interference  of  light  (503). 

565.  Combination  of  waTee  of  Uqnid^e 

— Combiniilioii  umi  iut4.TfiTencc  of  waved  iiri- of  un 
rersul  occurrence  in  all  mnlin  in  which  force  of  any  kind  is  propaigati^^^ 
by  uodulatiuu. 

Two  systems  of  wuTes  encountering  each  other,  sereral  clI!N;ts  in^^J 
follow. 

lat.  If  the  derations  of  two  wavM  coincide,  aod,  oonsequently,  tht 
depreaaions  also,  then  a  new  wave  will  be  formL-d,  who3e  elevation  w»  ^ 
depnawiiMi  will   be   thi'j>r/mof  tboite  of  the  originala.     In   case  of  »-* 
elastic  fluid  and  sound-wares,  the  sound  at  thi«  {xiint  would  be  fW< 

Sd.  if  the  two  waTL>s  are  of  e«)ual  amplitude,  and  so  auperimpoae^ 
that  the  ele«~atiou  of  one   falU  into   the  deprv»$ion  of  the  other,  Ib^* 
both  warea  disappear,  and  th<-  surface  remains  hurixoutal.    This  ci>rv 
stitutos  intrrferfHcr.     In  caw  of  an  elaotic  fluid  and  eoiU)d-n?c^' 
itiUnrt  would  occur  at  this  point. 

3d.  When  one  wave  has  greater  amplitude  than  the  other,  if  th^^ 
meet  iu  the  same  phase,  thp  rrauUing  wave  will  hare  a  height  equal  '^ 
th«  diflcrvneo  between  them.  In  case  of  an  elaatio  fluid  and  sodu^ 
W«T««,  fmritttl  itleiuy  would  occur  at  this  poiuL 

S66.  Tigan  14.— Interference  in  an  ellipee.— If  the  &gim^ 

n^-pn^^nt  an  r|li|tlti-al  dislt  of  watt^r.  arnl  a  sy^itm  of  wavea  be  fiffilfc.  ^ 
about  each  of  the  foci,  the  two  a»ts  of  wav^  will  eacunuter  each  nth.  ^ 
as  repnwnteU  by  the  scTi-ral  cbrleo.  and  exhibit  the  phenomeDs  ■* 
interfirvniT. 
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*  If  Ihc  iKtivy  linira  are  the  trienitiuna  and  Lbe  lighter  linca  ore  tho  (!«• 
■(on«,  ihi'ii  till'  points  whuru  the  lioavy  ood  light  lines  interaect  are 
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MntM  whiTv  nn  <<!evnlii>u  coiDoidra  with  a  depressioD,  which,  ifaerefore, 

points  of  ititi^rfcrence. 
Lit  tho4e  pninU,  in  esse  of  an  elastic  Qnid,  there  would  be  silence,  if 
&e  wavM  were  those  of  aonnd. 

\SS7-  Waves  of  condensation  and  rarefaction. — Tho  un- 
|i '     "  iiiiUa.  dt'BcrilM.Hl  ill  tin;  last  iwiiartiL-lfji,  »h>  jfwr/fice  wave«, 

'ii«i  of  the  e»ine  kind  m»y  tf  prmlticed   in  i-liutic  ttuidft. 
il  mirM  of  contitHMtioH  and  wat^M  of  rare/action  are  of  a  diffirivnt 
und  pecnliar  tti  ijnstir  fliiida. 

'tTes  nre  prodiK^ed.  in  ttir  iind  fjraaea,  by  any  dUtiirbance  of 
Vf,  If  tlipeUdtic  fluid  be  compressed,  and  again  suddenly  relieved 
>in  coinpn!flsiont  it  will  ex))and,  and  in  its  expaneion  t'^cefd  its 
fnrmer  vulanie  to  a  certain  extent;  after  which  it  will  contract  and 
[Li(«uid,  and  thai  ofdUate  alt«mately  on  either  side  of  tb«  position  of 
rr|)o*-  (561-2). 

/ids.  Interference    of    sound-waves  (Figa.  20  and  ?l), — 

iri>  «ti  of  iiii.liilulions.  n-prcjfnl-il  by  [Ii.-  two  ciirvwj   linrc.  TSood 
r.  Fig.  L*i)  (|x  tllt'i),  would  ioterfero  and  prwluci*  silence,  as  at  f,  bo- 
-  ■  'tuWiI  are  an  related  ro  each  other  that  the  depressions  of 
i  md  with  the  eWvations  of  the  otJiyr. 
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If  a  vibrating  tnoing-fork,  Fig.  21  (p.  318),  he  lidd  o?er  tb*  nwoib 
of  a  ojIindricoJ  glnaa  ressol,  K,  the  lur  within  tho  Trittt«l  will  Miinii 
•DDorons  vibrations,  and  a  hue  will  he  prodneetl.  ir  now  n  ifa»i 
gXaea  cylinder.  A,  be  held  in  the  position  ehown,  tliu  mancal  tnnr  pre- 
viously heitrd  will  ctntac;  bul  if  i>iLbi<r  oyliiidiT  bt*  n*tnovi>d.  iho  anti 
will  be  reneved  oguin.  The  silence  ii  cauHed  bj  iiitvrt'crcnoc  of  tb> 
two  sets  of  sonorous  «■« iw. 

Co-existence  of  soaorous  waves.— Many  Kmnda  may  be  tnu- 
milt«d  throagh  the  air  eimaltsuwusly.    In  Ustoniog  to  a  i»Dcert*f 

.instruments,  a  practiced  ear  eaii  detect  the  |>art.irnlar  »c'.i         '    ^it 
iustrunieiit ;  which  shows  that  tJie  aound-wavog  eroM  t-ac)i  ih- 

ont  modification,  notwithstanding  the  cffbcta  of  iuterfensnw,  at  fm- 
Tioosly  explained. 

SG9.  Undtilation  of  aoUda.— Solid  bodioa  ethiWt  the  ph?noai- 
ena  of  vibrutiiui  in  various  furm^  and  degreed,  aooonlliig  to  lh<-  fira 
of  thd  body  and  the  manner  of  applying  the  foroe. 

Linear  bodies,  aa  tenso  wires.  HLringt^  etc^  are  su»^  T  thm 

kinds  of  vibrations,  called  transTeree,  longitudiiuil.  auU  -  j.-:j^iU. 

Vibratioti  of  Oorda. 

fiTO.  Pigiare  15.— The  elasticity  of  cords  and  wins  la 
developed  by  tension.— If  a  nn\\,  Tl.,  Ik-  etreti-lnTl,  and  eecurpd 
at  each  end,  and  then  drawn  oat  in  the  middle  from  ita  poaititwaf 

Fio.  15. 


fqnilibrinni,  aa  shown,  npon  being  let  go,  \\s  elasticity  cousn  it  to  r^ 

turn  to  itB  former  position  with  acccleTaied  foloeitv.  wliii-* "--»  [( 

piisl  the  posiiiuu  of  equilibrioni,  to  some  puditlon  fhtm  >'  i^ 

tnms;  and  again  paaaes  the  central  position,  and  so  on;  unttl,  slWrft 
great  number  of  oscillations,  il  at  length  CDmcn  to  met. 

TheHc  oscillations,  at  flrst,  will  be  maoiAat  to  the  uyv,  if  the  iaing 
be  of  considerable  length. 

One  curoplcte  movement  f^om  side  to  aide,  is  turraed  sn  mdUalitm 
or  vibrfttton ;  and  the  time  oocopied  in  performing  it,  i«  oaUad  thi 
tinir  t}f  tmrHMion. 

L  and  T  an-  thuml>*9crcwe  for  tightii^niDg  the  cord. 
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571.  Figure  16.— Nodal  points  of  vibrating  cord*.— If 
^1»  Tibruting  coril  (Fig.  IS)  Ik;  tniu'lied  in  the  niidtilc.  its  vibrations 
WiUassumi'  the  form  sbowQ  by  tlic-  dotted  line  io  this  llgurv.     FE  wiU 
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equal  AE;  the  elevation,,/*,  wilt  t-iiual  the  depresaion,  I;  and  that  point 
of  tlio  oord,  E,  where  the  phftses  of  elevulion  uiid  dejiression  intersect, 
»il|  be  at  rust.  A  iiivw  of  papt-r  placed  on  this  potut  will  rfsrt  iiridia- 
tnrbed,  while  it  would  be  thrown  off  of  any  other  part  of  the  cord. 
hie  is  called  a  nodal  poitU  (fVom  the  Latin,  iwdm,  a  knot). 


^i^ures  17  and  18.— Two  or  more  nodal  points  In  one 
string. — If  the  cord  be  tonched  at  two  points,  dividing  the  string  into 
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to  ree  eqoftl  parts,  the  Tibrations  will  assume  the  form  shown  by  the 
'loUfd  line  in  Fig.  17. 

If  the  coni,  lINr  Fig.  18,  be  touch&d  ut  its  centre,  L,  and  at  3, 
**^idway  from  N  to  Ij,  the  vibrations  will  assume  the  form  represented 

Iy  the  dotted  lines. 
Pro,  18. 
tie 
J 


Any  number  of  nodal  points  may  exist  in  the  same  string,  but  rarely 
lare  than  foar,  wlien  they  Bpontaucoasly  occur. 


S7S.  Laws  of  the  vibration  of  cords.— Then  amber  of  vibra^ 
.t-iont!  of  a  stretched  corii.  in  any  givt'ii  time,  as  in  one  second,  depends 
ipon  its  length,  MicinM*.  tentifui,  and  tUfifUy, 
.Oaloulation  and  e\pennirnt  have  demonstrated  that  cords  vibrate  in 

)rdanee  with  the  following  laws. 
1.  7%*  teitsion  being  thr  »iim-e,  the  number  of  vibraiiana  varies  inverse- 
ijf  (M  its  leHijth. 
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TtiU  pn>)>ertjr  is  utilized  iu  the  rioliu.  B7  Applying  Uic  flogcr,  thi 
length  of  [he  vibratiiij|(  1*011:1011  uf  tbo  oord  in  ivdnrt-tl  at  picaflnif. 

'i.  The  leniiton  <i'i<I  leut/f/i  being  i/if  unmr.tlip  Homifr  of  viltristLnt 
vfiriett  iniNTgelj/  n«  it»  stu  or  Ibichne^s- 

A  cord,  thert-foro,  of  any  given  «iz.-.  luiik.'s  twir'  * 

as  um:  uf  ilouble   the  bize.     Uthcr  tilings  b<;ilig  i.-.  <  -i- 

dervil  dittcv  by  au  ocUto. 

IJ.  Tyie  /ffM^/Ai  and  «i>c  ^('nir  M0  tainettki  num^r  o/*  vibrutiim*  rtrin 
(la  ^A«  sf^uarf-  root  of  the  tengion-. 

Hence,  a  cord,  which  itindcra  a  givni  nnti*,  will,  if  iU  Utndou  M 
qmulmplcd,  render  a  Dotc  an  uctuve  highur,  and  so  on. 

4.  O/Acr  things  being  e^tuil,  f/ie  nuriUter  ttf  vibratioaa  earits  invfrti- 
ly  as  the  tqttare  root  of  the  densittf. 

liejict;,  UeotH*  uurds  ruiidtr  g^raver  Dotes  thau  ihoK  of  lets  d^iuict. 
Lni:gf,  dense,  and  lunj;  cui-ds,  not  teowly  stretched,  give  gnrt  1 
vhile  small,  light,  and  «hurt  cords,  tciiaely  strotuhed.  jitUl  acute  iMUa. 

37'3.  Figure  lO.—Voriflcatlon  of  the  laws  of  rlbra- 
tion.— The  sonometer.— Tiu-  iuws  just  .■muuuut.d  lin-  Trriilfti  lii 
means  of  uii  instrumi'nt  calltHl  a  goHometer,  or  sound-meiuttrFr.  Tkit 
instrument  ouasiat^  of  a  wooden  box  about  tour  fiiil  lung,  upon  whiefc 

Kio.  IB. 
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"an*  mniinf^Kl  two  fitod  hriilsi^s.  V  unci  K.  and  one  ■  U. 

Pawing  ill' IT  tlii^   lixt'd   liriil>;«8  air  two  c*irdfc  j^  ,,  if 

rauh  cord  is  fastened  t<i  the  Iwx,  and  the  irther  ttnds,  Atter  p«nlng  ovtr 

pulleys,  are  drawn  down  with  «|Httl  force,  by  moan       '  ' " 

W.  as  shown.     On  the  cUcir  of   the  box  is  s  gi. 
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l«iigUi  of  tbe  vibnUog  part  of  the  cord«  will  depend  upon  tli«  position 
of  the  bridges. 

If  the  moTftble  bridge,  l[,  ta  pluceil  oo  that  llic  (listanof,  VU,  w 
et|ual  to  half  iho  dUuLtici^  FH,  tiie  notes  of  the  twoconlA  will  diOV-r  t>f 
an  txrtttve;  that  is.  U  will  vibratfi  twice  as  faat  ua  //.  If.  by  moving 
thi'  liriilgi'  H,  KJl  be  iiiadi-  I'qiiiU  to  one-third  of  FE,  then  11  will 
vibntto  Oiav  tiiuba  ils  fadi  aa//.    Thu  Teriticn  the  firai  hivr. 

Ktfiuuvtf  Lhv  bridgtr.  11,  liDd  aubBtitutv  two  other  curds  (of  the  some 
luatt'riiil),  one  uf  which  ia  twice  as  large  aa  the  other;  and  h  will  W 

found  that  the  notes  diflVrr  hy  uii  ootavo.     [f  one  cord  be  thn.*e  times 

u  hurge  u  the  other,  the  snuiller  coni  will  vibrati!  ihree  times  as  Utal 

M  the  other:  which  vcntk-s  llm  ufamd  law. 
If  tlu»  iNtrda  arc  every  wuy  alike,  und  one  Is  stretched  by  a  weight 

four  timea  as  great  as  that  used  to  Ktretob  the  other,  the  notes  wilt  diflcr 

"lie  (KiUivt'.    li'  the  wuigbu  un;  as  1  to  9,  the  rapidity  of  the  vibratious 

will  be  aji  I  U)  3,    This  verifiee  the  third  law. 
If  thu  cords  are  of  different  dcuaitiM,  but  every  other  way  alike  and 

pfjually  stretched,  it  will  y^.  ^o 

be  found  that  the  fourih 

law  is  vcrilied  in  each  ciise. 


Figure  20.— Inter- 
ference of  sound  il- 
lustrated by  two  vi- 
brating cords.  —  For 

.  I'loQ  of  thisfigure. 


Figure  21.— Interference  of  sound  further  illustrated, 
by  oieani!  of  a  conimou  tuning-fork  and  two  cylindrical  glass  vesseU, 
For  the  explanation,  isev  5G8. 

Pro.  81. 
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Figrure  22.— Sounds  caused  by  burn- 
ing hydrogen. — When  u  tnull  j«t  or  hydrogen  ii 
burned  wiiltin  a  gliuvi  tiilje  of  ubnat  an  incli  in  dbm^ 
tcT,  ta  bIiomd,  pltiiwant  inuiiii'ul  Ioiwa  arc  heard,  vhltli 
are  varied  hy  ruising  ihe  lube  up  aud  down. 

The  vihr»tioD8  aod  suutiiLK  are  tlnu  to  Uie  mi 

(.'.<ct>Io3toiu  of  small  porLiuni}  or  Tmv  gne,  miugled     

comiDon  air.  The  ttBceDiUog^  current  of  air,  cauidH 
the  heut,  moinvntarily  «itinguial]es  the  Bnnti^  |K>mil* 
titig  the  niixlure  of  tW  air  witti  the  infliunmA)>li<  jpc 
Thu  expiring  fliimo  kiii(llt>«  thia  (^x|)lo9irc  niixtare  Mil 
reljghtd  ttic  jet.  Th<:-dc  diicccssWu  jihiMioniRiui  unw 
vith  great  rtpidity  and  ut  regalur  iattrvalst  prodadBf 
the  musical  note. 

The  hydrogen  may  be  goacmtcd  bj  the  ootitm  ot 
dilute  flulphoric  acid  on  ziuc,  pkeed  in  »  oomiDM 
1k>UK'.  It  is  Iwtier,  however,  tu  regiiUtc  th«  flOW  of  tW 
gild  to  the  tubv  b_T  means  of  a  faucet 


.'TT'vT.  Figure  23.— Sound  is  not  propagated  In  aTBcama. 
— Thiit  soiiu-  niL'iliutn  is  iicc<-HMir_v  for  t)io  tmnaQiiBSion  uf  luund  oi/ 
p.     23  be  flhowQ  by  exixirimenU  with  lllr 

exhsTistcd  rGcdrer. 

Id  the  top  of  the  receiver  i«  ani^ 
ber  plug,  L,  tUted  air*tight.  Biteod* 
ing  through  th«  plug  i*  n  r'>'!  "t-" 
tlic  eiiid  of  which,  within  the  > 
is  11  U'll.  The  rod  in  Iw-ut  at  ri^lu 
angles  ubovi3,  to  form  a  handV  T. 
wiUi  which  to  ring  the  belL 

Thi-  Bound  uf  the  bell  CMk  bo  dtf> 
tinctljr   heard  when   the  rrociver  ti 
fill&d  with  air.      If  tb»  air 
huiidted,  the   K'll    im  lu»ni 

by  cxhHUStin;^  i  n  '  ht  iind  ringing  the  l>ell  itt  thf-  mtu-  <-  tttui 

otthe  hell  grows  fainter  and  fainter,  until  Itoeaaea.  U fence,  loiiiiiftf 
high  altitudes,  as  oa  high  mountabs,  an)  not  m  loud  an  at  tba  l«rel  iT 
the  Ha. 

Tibrationa  of  Soda  and  Plat««. 

S7(i.  'Vibrations  of  rods.— Rod«.  Ilka  oordar  ribrate.    If  IM 

arr  fixed  tirmly  by  <iuc  of  ihi*ir  e\nvmitre'i.  ii5  tii  a  vice,  th' 

aet  in  moUun,  be  dividitl  by  xtutiouaQ'  uuduhitiviif  mlo  fc —  .._:; 
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inp  pnrfiL  The  nodal  poinU  may  l>e  ii«certuiin*il  hy  placing  upon  tho 
rods  light  rings  of  paper;  which  will  be  thrown  off  all  ulong  the  rod, 
tMoept  at  the  nodal  points,  where  they  will  remain  iinniovetL 

Thu  «tp»c(t  hutwtvo  the  tnx  uxtrcinJty  uiul  the  firtft  nudal  point  is 
e(|aal  to  half  the  lungth  uuntaineU  bctwoeu  two  uoda)  polota. 


b- 


S77.  Means  of  vlbratiiig^  plates.— Vibrations  arc  readily 
cited  in  ulasLic  pLacs  by  frictiou  w  bluwR,  uud  Aoundii  are  evolved. 
The  plate  is  confined  either  at  its  centre  or  one  corner,  in  a  viee 
^Fig.  :iO),  resting  on  n  cone  of  cork  and  prvs^d  by  a  screw,  also  tipped 
^th  cork,  as  repre9cnt*:-d. 


S78.  Nodal  lines  of  plates. — In  the  vibration  of  plates  nodul 
lines  will  Ike  I'onned,  which  do  not  partici|Hitc  in  the  movomonCg  of  the 
plane,  bnt  remain  in  a  atute  of  roaU 

o79.  Determination  of  nodal  lines  of  plates.— The  posi- 
"Uon  of  the  nmlal  liiii's  m;iy  1m'  deUiriiiiiie*!  by  scjutci-ing  sand  or  other 
fine  matei-ial  over  the  plate,  and  causing  the  plate  to  nbmte,  oa  by 
vnuaus  of  a  violin-bow  drawn  acrotis  the  edge.  The  grainti  of  eund  will 
be  thrown  from  the  vibrating  portions  of  the  plate,  and  come  to  a  iilate 
of  Te«t  on  the  nodal  lines  and  poiutd. 

580.  Nodal  figures.— Tliese  always  have  symmetry  of  form.  A 
grntt  variety  of  these  luivo  been  determined.  The  same  plate  may 
famish  an  intluitc  tiumbt-r  of  them,  which  pwu  from  one  to  another 
m  s  oontionotia  manner,  and  not  hy  sudden  ohangea. 

A    few  of  thvBu   figures  are 
^ttpreaented.  in  order  to  give  a 
general    idea    resj>ecting  their 
fitrmalirtii, 

FifiTure  34.— If  a  square 
]ale  of  ghiaa  Iw  grasped  in  the 

itre  bj  the  haod-vice,  and 

id  scaUered  over  its  surface. 
mild  tho  Tiolin-bow  drawn  mp- 
idly  aorosii  it,  close  to  one  of  it^ 
angles,  the  ^nd  will  be  thrown 
iDl4>  the  poiition  shown  by  the 
dota 

Powdered  litmus,  previotuly  mixed  with  gnm-water,  driinl  and  pnl- 
verixed  in  a  unifomt  size,  may  tie  used  insletid  of  «and.  FigunM»  thiu 
made  can  )w  trantiferred  to  paper,  »impty  hy  moisteuing  the  paper 
with  guni-wutcr,  and  pressuig  it  upon  the  plutfi. 


Fm.  24. 
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urigiuHtvj,  tUe  souud  abo  eaters  the  woond  medium  by  meuiiof  nrr 
vibrations,  unginu-ting  ut  the  iut«rp(k»i;d  surface. 

A  Cfit,  8,  inii(,l<>  uf  two  films  or  collodibn.  united  Al  thr-  .  .1 
having  thi*  forai  of  a  ilonblc  convex  Vns,  lU  slioim,  will  iwrv .  i- 
fltrate  refVaction  oF  sound.  The  coll  is  hrld  at  the  ftlgrx  by  k  fyniiM, 
and  pravidud  wUb  an  upeningi  h>-  which  it  ouri  bu  tilh-d  with  tltffrniai 
gaaea 

If  ihv  cell  be  Bllcd  with  carbonic  auid  gox,  which  traouniti  9WtA' 
waves  with  less  velocity  than  air  (MO),  Lbe  waves  will  bo  CQUtugoi  try 
paMiDg^  tbrongh  tho  Dell. 

A  watch,  W,  held  nn  th»  axis  of  th<^  lons-shapod  cell  will  In  hurt 
on  the  opiMMite  side  uf  tho  cell,  at  aomc  i)oiiit,aaaL  the  enultml 
of  the  funnul  K,  on  thti  axis.  If  the  watch  bu  hdd  nearar  to  tbnicD, 
the  ticking  will  be  heard  at  a  greater  diataiice  frwm  it;  bui  '  "  cti 
bo  held  ut  u  greater  distanci'  frura  the  cell,  then  the  lii-^  .^  *« 
heard  at  a  nearer  point.  If  the  watch,  the  lens,  or  the  ear  i«  placcil  vot 
of  till?  line  of  the  axis  of  the  cell,  thi-  ticking'  ennniii  be  h<-An1.  HeflW, 
the  refraction  takes  place  in  accordance  with  the  principle*  of  ntao- 
tioii  of  light. 

I^t  tht!  sound-wnTcs  be  ropivaontcd  not  by  tho  UncR,  bnt  b;  Hat 
tpaees  Uitweeu  tbe  linea.  Tben,  as  tlie  outer  space,  or  wave,  froa  tltf 
watch,  comes  in  contact  with  tlie  cell,  that  {wrtion  uf  the  wave  fidhnl 
ou  the  cell  Drat  will  be  retarded  more  than  that  portion  niwting  tb( 
cell  later,  which,  of  conrSe,  will  bviid  llii-  wtivc  Uiwunl  t\iv  axil,  BT 
priuci|<iil  |M?r)K'rtdicu1ar  line.  Bnt,  in  ac»mliincf  with  ihls,  if  the  fell 
wereOlU-U  witli  «>n]e  niddiuni.as  hydroj;cn  gas,  which  tmnMnitj  wawA 
with  greater  Telocity  than  air,  then  the  waves  would  be  refif»cicd  ci«y 
fVunt  the  axis  or  perpend ioular  liao. 

682.  Tbe  laws  of  the  refiraction  of  sound  un^— 

1.  Suutifl-wavcd  iMuMiug  obliquely  into  a  medium  of  different  Uc 
will  bo  Ttfracitd. 

2.  If  they  travel  more  rapidly  in  tho  new  medinm,  they  will  W 
htfU  ateaif  from  a  perpendicular  drawn  to  the  aurfatv  uf  tb«L  nu-Uii 

3.  If  they  travel  leas  ra}iidly  in  the  new  mniinm,  they  wdl  be  i 
toKford  the  perpcndioular  dmwn  to  the  surfocQ  of  that  mcdhuo. 


Sounda  &vm  Plpaa. 

S8S.  Sound  from  pipes.— Air  put  inti»  vibration  in  a  ^'^nr 
hollow  tube,  yields  a  sound.     The  air  In  the  sonorona  body ;  tbe  uiuuao- 
ter  of  the  soand  depending  upon  the  form  of  tho  pipe,  and  tiie  nuworr' 
in  which  Uie  vibraliuna  uf  the  uir  are  pruduowL 
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ituQod  air  ia  thrown  into  saccessive  cuii<len8atiou«  and  rare- 
vf  introducing  a  current  of  air  tliitmgh  a  snitablo  mouth- 
TO|)rincipiil  forms  lire  given  to  the  mouthpieoe.  In  one  of 
I)art8  ore  t^xcd,  und  in  the  other  there  is  u  moveable  tongue, 

Terence  in  the  quaUttj  of  the  tones  product;il  by  \n\xi»  «f  clif- 
terials,  may  be  owing  to  a  feeble  vibration  of  the  pipes  thein- 


Fi^rtu-e  31.— Pipes  with  flxdd  mouthpieoes.— Tlieee 

of  w<>o«i  or  mel:il,  are  rt-t-tanguiar  or  ivlirulncal,  and  are  of 

ble  length  compared  with   thfir    croaa-scction. 

,  the  orgnn-pijie,  the  whittle,  or  flageolet,  etc.,  are  **" 

of  this  c\a&A  (if  pipes. 

'  Uie  forms  givea  to  this  claas  is  repreacnted.  by 

•.    U  repreuent^  the  U\\yvt  thruLigh  which  air  is 

to  it  by  thu  bellows.    Tlio  air  pwj&e»  thrungh  a 

peatDg,  t'.  called  the  veni.     Opposite  the  veut  ia 

ig,  w,  in  the  side  of  t.he  pipe,  called  the  vimtth. 

er  border  of  theirtonth  ie  beveled,  and  is  called 

■  Up,  the  lowiT  border  (not  beveled)  is  called  the 

Ihe  air  is  forced  through  the  rent  t,  it  encounters 
of  the  upper  lip,  by  which  it  i«  ptirtially  ob- 
oausing  a  shock,  so  ihat  the  nir  pfisse^  through 
Ji,  m,  in  an  iuU.-rniilt<.-d  manner.  Tljese  pitisa- 
transmitted  to  the  air  in  the  tube,  making  it  vi- 
1  thu4  producing  a  sound. 

tr  to  hare  a  pure  iound,  there  moat  exist  a  cer- 
ion  between  the  dimensions  of  the  lips  and  the 
)f  the  mouth  ;  and  the  length  of  the  tube  must 
rtain  ratio  to  its  diameter.  Holes  or  opeuingg  in 
ifa  wirid-iuHtrument.  as  the  flute,  ftugeoict. etc., 

Cbct  of  virtually  varying  the  length  of  the  tube. 
eed-pipes. — In  recd-pipea  the  mouthpiece  is  provided 
ihrating  lungue.  called  a  reed.  The  ree<l  is  nimlo  of  elastic 
wood,  and  atUohed  to  an  opening  in  such  a  manner  that  a 
jf  air.  passing  into  the  opening,  causes  the  reed  to  vibrato. 
"atioti  id  propagated  to  the  surrounding  air. 
of  the  reed  iustrumenls  are  the  clarionet,  the  trumpet,  the 
the  accordion,  ti»>  Jews-harp  (5tlO),  etc;  the  last  being  the 
of  this  species  of  tnatruments. 
91 
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586.  Figure  32.— Arrangement  of  reeda.— Tho  iwdi  msf 

be  80  arrungiKl  a^  Iai  bual.  ogtutiel  tbi'  eiduK  of  thu  upcoiug,  or  tbrj  mi^ 

piny  freely  lliruugh  the  upening. 

The  Hguru  shows  thu  armngcment  of  &  rvcd  of  the  6rit  kind   A 

piece  of  metaU/,  ab&ped  eomewhat  like  a  epoou,  is  flUvil  bJ  aa  iiiMUe 
toDgue,  /,  which  luu  cuiiipleLvly  cImk  tbv  opcbiiif 
shown  between  tiicm.  A  piece  uf  moUl,  i,  vUtb 
c.ni  be  elc»-ate<l  or  depressed  by  «  rvKl,  L,  wrrH  W 
-riorten  or  litngthcn  tho  ribrating  part  of  tho  ned; 
vh ich,  of  conrsc,  increases  or  diminiahea  the  nfofitj 
of  vihration. 

Wht'ii  a  current  of  ftir  Ea  forced  into  the  nk, 
TN  (the  fhint  of  which  is  cut  awny  Iw  sbov  Ik 
purta  just  deaeribed),  the  reed,  I,  rapidly  TibnlUt 
[iriKluciug  u  succession  of  rarefttcliuna  nod  cwodts* 
sations  iu  the  sir  of  the  pipe,  8,  tbtie  aiu«iiig  it  W 
emit  sound.  The  air  entering  TN,  flnit  cluwc  Vkt 
opening  by  pressing  Ihe  reed  against  it;  the  net 
then  TOCoilR  by  the  force  of  its  ehL^ticity,  |icriMtlib| 
a  portion  of  condensed  air  to  enter  the  plpn,  wbts 
the  reed  is  again  pressed  igaiuet  tho  opening,  isd 
60  on. 

/iS7.  Tl^e  organs  of  the  voice  a  reed  in- 
atrument.— At  the  top  of  the  tmchcn,  or  irindpipa. 
ih   H    pair   of  elastic  bonds,  called  the  txM«/  ank 
stretched  acroKs  the  opening  of  the  trach**,  m  ■* 
nearly  tu  cUwo  it,  and  forming  a  kind  of  doutO--  »•*!- 
When  the  air  is  forced  from  the  lungs  through  the  slit  bctw< 
■oorda.  they  are  made  to  vihralf.     Thi-ir  rate  of  vibratioi! 
tain  limits,  is  varied  at  will  by  changing  their  tension,    , 
I  depends  tlie  pitch  of  the  voice.    The  cavities  of  the  month  sod  vm 
aot  as  resonant  tubes. 

The  various  organs  which  constitute  the  entire  vocoJ  l^Ip■^lttli«' 
mau,  are  the  tungt,  the  tra^ta,  tlie  larynr,  the  phanfnZj  tiH  mim^ 
and  the  wise,  with  their  appendages 

A  minute  description  nf  the  constmctiou  of  these,  and  an  explB** 
tion  of  the  part  tlist  each  performs  in  the  utterance  of  sosaJ  m' 
Bpeeob,  belong  to  the  department  of  Anatomy  and  I^ysialogj 

Kusioal  So\inda. 

It  cannot  1m>  expected  thut  more  than  a  few  Imdi' 
lating  to  musical  sounde,  would  lie  cxpUiricil  in  an  ' 
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pcndinm  for  schools.    Husio  and  musiod  instnunenU  u«  the  iabjcct« 
of  ■  qMKuil  tn^ittiaeL 

S88.  Difference  between  musical  sounds  and  noises. — 
A  madcul  g^nind  results  frum  a  encceseion  of  Atmosphrric  vihratiocfl 
of  equal  dnnitjoii.  Noifit--  Ib  the  eeufiation  prodnoed  by  ancqDal  vibra- 
liuDS.  tf  a  fitonc  Ix-  thrown  into  the  middle  of  ii  still  ehcet  of  water,  a 
cingle  van'  drclfv  olT  to  the  abore,  which  ma;  illnatrate  the  cSiKi  upon 
the  air  whtn  a  tout  is  pri^Kluccd.  U  several  Btonea  be  thrown  into  the 
Tuii-r  together,  each  stone  produces  its  own  circle,  and  the  eevend 
circltqt  inu-ra4->ot  e-iich  other  and  become  confbBcd  to  ilie  eye.  Tliia 
may  be  compared  to  the  uifect  uimn  the  air  when  a  Miae  ia  prodnced. 

SSi).  Qualities  of  sound. — The  ear  dietinguishes  three  qoalitiea 
ufeoiind:  I.  ^iVcA,  or /one,  which  depemls  upon  the  fVoqueocy  of  the 
vibrationH.  Bapid  ribratiuQs  yield  acute  oc  high  sounds,  and  slow 
rilmttoos  give  low  or  yrat'f  souiide. 

3.  The  iHtrntity,  by  virtue  of  which  Bounds  arc  loud  or  soft  Lond- 
nan  depends  upon  tlie  amplitude  of  the  oscillatious. 

a.  Quah'ttf,  In  virtnc  of  which  Ruutids  of  tiie  same  intensity  and 
pilch  are  rehttivcly  distinguishable.' 

S90.  limits  of  perceptible  sounds.— The  gravest  perceptible 
Mtund  ie  produced  by  10  Tibrutione  per  second,  and  the  most  acute,  bj 
ifijOiH)  ribnitionif  j>er  iiecorid.  Supposing  the  Telocity  of  Round  to  b« 
l,(t90  r<M9t  per  second,  the  lengt.h  of  the  waves  of  the  gravest  sound 
«<>iil(]  U^  68  feet,  oud  those  of  the  most  acQte,  a  little  more  than  a 
•iiiurtrr  of  an  inch. 

The  timit49  in  mnaic  are  much  narmwer,  especially  in  singing.  The 
livwest  sound  of  the  male  voice  being  190  vibrations  per  second ;  for 
Mil-  female  voice,  572 ;  for  the  highest  sound  of  the  mule  voice*  678 
» ibralums ;  for  the  female  voice,  1,606. 

SffJ,  tTnlBon. — Soandu  produoKl  by  the  same  number  of  ribra- 
tiottfl  ]ier  second  are  said  to  be  in  unison. 

692.  Melody. — Chord.— Harmony.— WTien  the  vibrations  of 

"-    -iivtr  gericH  of  aingle  musical  sounds  bear  to  each  other  Boch 

:itions  as  are  rnuUly  jterceivedj  au  agreeable  impression  is  pro- 
1.  «'»Ilf:d  melotiif. 

rn  two  or  nxoTVi  sounds,  having  to  each  other  such  simple  rela- 
ars  produced  timultamwusly,  it  is  called  n  nhord. 

'  chords,  eucoeeding  each  other  in  melodious  order, 

MULOitiUfv..  tturmomm. . ^^ ^ , =_ 
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It  ifl  iuvttriabl;  foand  tbut  the  •ounds  Cftufod  bv  Tibratiou  wUti 
Are  to  euch  other  in  some  Bimple  numerical  iiropurtion,  are  plnkrinx: 
inch  as  1  to  3,  2  to  3,  3  tu  4, 4tic.  Tlit;  sciniKu.'  of  iiituic  doe*  aot  adnii 
or  any  propordnnd  except  those  wliich  arise  from  the  limited  oomhia^ 
(ion  of  thcfic  very  simple  nnmbera. 

SOS.  The  principal  harmonies. — The  principal  hbimoDici  urt 
repreeeuted  in  the  followiug  diagmmn,  the  upper  line  in  «v.  '■ 
ing  the  acute  and  tlie  lower  the  grave  note*    Those  vibr-i  . 
occur  aimultaneonslj,  and,  therefore,  inoroase  each  otber'a  powciiM 
oonneotod  by  vertical  Hues. 


Octave 
Fifth 

FVjurth 
Major  Third 

Minor  Third 


MHH 

1 

1          i         1 

....|....! 

Ratio  1  to  t 


"      3  to  3 


'•      &to6 


The  concord  I  to  2  is  mmt  pleaeiug.  every  second  rihration  of  di« 
acnter  chord  coinciding  perri-etly  with  each  vibralioii  of  the  gnJ»- 
it  is  calltil  iliL'  oeiam,  m  it  comprehends  an  interval  of  right  noM  Id 
the  musical  scale.  The  concord  3  to  3  is  the  next  ini>at  pluuang,  «adt 
third  vibration  of  the  acnter  oorreaponding  vith  the  second  of  tb« 
graver ;  it  is  culled  the_^^A,  as  iL  rwmpn-hends  an  intoml  of  ^ 
from  the  fundami'ntal  in  the  mnsical  scale.  The  coooord  . 
quite  pleanug ;  it  is  called  a  fourth,  a*  it  comprvhends  aa  iotemi  d 
fnm-  riotps  in  the  scalt* ;  each  fourth  vibmtion  of  thi-  '"inl  bo»- 

r4ii|Mind-i  with  tlie  third  of  the  graver.    Thi^eonconi  ,  i<l<«iiBg'. 

ll  ia  called  the  major  tftii-df  Xufcaxue  it  not  only  comprehends  an  istcrnl 
of  tliree  natce,  bnt  its  ratio  4  Ui  5  U  greater  tiian  the  ratio  5  to  6.  mlotk 
alao  cmnpnahcuds  au  Jntunal  uf  three  notac,  and  is  oaUed  a  M*Mr 
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;  in  the  Itret  cas«,  live  puleatiotu  of  the  acat«r  chord  oomspoml 
[to  four  or  the  griLTer,  ainil  in  the  \aXter,  six  of  the  «cut«r  ro  (ivv  of  tht.* 


594-  ^^  most  pleasing  harmonies.— The  combination  of 
notirs  is  the  nwrv  jtkasiiig  to  tlio  oar,  ihv  snuUler  the  two  numberB 
rh  express  the  ratio  of  their  vibrations. 

r^^.  The  limit  of  harmonies.— The  limit  beyond  which  a 
\tM^  I'ur,  and  thi^  mind  gembralty,  will  not  tolerate  the  combitmtion 
two  iounds.  ie  that  cxpresBcd  bf  &  to  6,  or  that  of  minor  third. 

fj96.  Uusical  scale.— Oaznut. — Tlie  tones  formitig  a  melodi- 

rii-a  bctwi-en   iiiiy  two  mljacent  sonnds  which  are  as   1    to  i, 
t)K'  musical  scale  or  gavml. 
The  »oundi  which  com|M>ee  the  mn^icAl  arate  or  gamut,  are  the 
aljihalH-'t  of  maiic.    To  tind  tho  relation  which  vxiaii  between  Uie 
rniid.-uncMtal   note   (C)   and   the  other   notes,   the  wnontcter  is  cm* 
(.-.T3). 
1 ..:  uiuniit  of  the  sounds  comivosing  the  scale  are^  in  English,  0,  D, 
P.  G.  A.  B.     In  French  nnd  Italltui,  do,  m,  mi,  fa,  eol,  la,  ai. 
J'  "•;  »tf  the  ftjnomcter,  it  is  foimd  that  the  length  of  the  conl 

._.    '_  L.ug  to  each  note  is  r«pre«at«d  by  the  following  fractious: 

NotM ODEFGA    BO' 

BcUtivc  Icngtti  of  conl lftt}t)i^l 

1^7.  Formation  of  the  musical  scale.— It  hu  hocn  shown 

the  uomlier  of  vibnitioiia  is  in  the  itiTcrjue  ratio  of  the  length  of 
lUitr  «iriog  ['ui).      HfiKv.  tht'  ri'liitivi-  nunilMir  of  vibrations,  corre- 
ling  to  each  note  in  the  aune  time,  will  be  expn»«ed  by  inverting 
''the  preceding  table. 

..  tliorefore,  the  number  of  vibrations  oorrespondiog  to 
fnudaaicutal  iioto  C,  by  1,  we  havo: 

NutM C    D  E    F  G    A    B    C 

Bokthre  number  of  rtbrations....  18{ii}V'^ 

^o  avoid  trnctions,  whole  numbers  bearing  the  soma  ntto.  may  bo 
itshnl,  thus: 

C    I)    K    K    G    A    B    C 
34    37   no  33  80   40   4fi   48 

absolute  number  of  vibrations  corresponding:  to  each 

note.—  Tlif  notes  of  the  scale  whoee  gumuc  eorres)>«>nds  to  the  gravrst 

iml  of  the  boM  are  iudicateU  by  1.     To  notw  of  giimut^,  morv  el«< 
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yated,  are  affixed  the  indices  3,  3,  etc. ;  to  graTer  notea  are  affixed  the 
indices  — 1,  — 2,  etc.  The  nnmber  of  simple  Tibrations  oorreeponding 
to  the  note  0,  is  128  per  second.  Hence,  bj  maltiplying  this  nnmber 
by  the  seTeral  fractions  (597),  we  have: 

Notes C       D       E       F        G       A        B 

AbsolntennmberofJ     ^gg    ^^    ^^    ^^^    jgg    ^^^    ^ 
simple  vibrations   )  • 

The  absolute  nnmber  of  ribrations  for  snperior  gamut  is  obtained 
by  multiplying  the  numbers  in  this  table  successively  by  3,  by  3,  etc. 

The  following  table  indicates  the  length  of  the  waves  corresponding 
to  the  C  of  successive  scales : 


LEHBTH  or  WAVBB 

mnCBBB  or  TTBRATIOITS 

IN  TKBfS. 

IK  A  SEOOSD. 

C— 3 

70 

16 

0—3 

36 

Z% 

C— 1 

VIA 

64 

CI 

8.73 

128 

02 

4.376 

266 

03 

3.187 

613 

C4 

1.093 

1034 

It  will  be  noticed  (597)  that  the  interval  0 — 0',  as  indicated  by  tlw 
figures,  bears  the  ratio  of  1  to  3,  and  is  called  an  octave. 

The  interval  0 — G  is  called  a  fifth,  comprehending  five  notes,  the 
ratio  being  3  to  3. 

The  interval  0 — F,  and  also  E — A,  is  called  a  fourth,  comprehend- 
ing four  notes,  the  ratio  in  each  case  being  3  to  4. 

The  interval  0 — E  and  P — A  is  called  the  major  third,  the  ratio 
being  4  to  5,  and  the  interval  three  notes. 

The  interval  E — G  and  A — C  is  called  the  minor  third,  the  inter- 
val being  three,  and  the  ratio  5  to  6,  which  is  less  than  the  ratio  4  to  5 ; 
hence  the  name,  minor  third. 
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CHAPTER   XIII. 

(CHART  NO.  7.1 

QBiiaBAi.  pnorsBTiBe  or  M&arrBTs. 

\508.  DeflnitioiiB. — MAfn>^tii*'>t*  n^  >  science,  ie  that  branch  of 
ijsics  wliu h  inuif!  of  the  properties  or  mflgnoUi,  and  of  tbcir  action 
>n  each  other,  and  upon  other  bodies. 

l*htr  ivnl  nature  of  the  magnetic  force  U  nuknown  ;  but  the  analogieg 
fcrvil  )>)'  fflcctro-majpietiam  And  magneto-electricity  indicate,  that  it  ii 
le  mode  of  electrical  excitement 

S90.  Lodestone,  or  natxiral  ma^eta.— XxMlestone  (to  lead 
and  jUmm)  is  un  ore  uf  irun,  fiiiiud  in  u  nntumi  statu  in  many  parts  of 
ilie  euih.  poeaening  the  power  of  attracting  iron  and  a  few  other  sub- 
>Unoe«.  This  power  is  called  inagnetism,  from  the  name  of  the  ancient 
aty  MajEDettia,  near  wliioh  this  ore  was  first  found.  It  is  a  compound 
of  ODC  equivalent  of  perox  jd  of  iron  with  one  of  protoxyd. 

600.  FIg'nre  33.— Magnetic  manifestatioas  of  lodestone. 
— If  n  piece  of  Ihi8  ore  \n-  dippt-d  in  iron  lihiif,^  Lht'y  will  lmIKcc  und 
cling  togt>ther  at  two  opposite  extremities,  us  rvp-  ^'o  ^s. 

rmented  in  the  figure.    The  magnetic  projKTty, 
j'haterer  it  may  be,  seems,  therefore,  to  be  col- 
and  to  act  with  the  greatest   energy,  at 

ro  oppo«jte  extremities.    These  ore  termed  poha 

tVi). 

If  a  piece  of  the  ore,  as  shown,  bo  biid  down  un 
a  piroe  of  boanl,  and  the  boanl  floated  on  wai^r. 
the  lodestone  will  invariably  arrange  itself  ko  thai 
tht>  Mune  pole  will  be  directed  to  the  ntfr/fi  nnd 
tfa«  other  to  the  foulh.  Hence  th«  pole  which 
tunu  to  the  north  is  called  the  .VorM  pole  und 
the  other  the  .sWh/A  ptdc,  as  indicated  by  thi*  Ift- 
C«r«  in  the  Q^un.  Vieeee  of  this  ore  visv  called 
naturat  imiffNet*. 
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601.  Figure  34.— The  armature.— The  cffi'crivo  puwwerf] 
lode^tone  i«  improred  by  means  of  w^at  u  termed  au  annaturi; 

Kiw.  34 


oonuste  of  pieoeg  of  soft  iron,  AK  und  TH,  applied  to  Uil>  op{ios3l^ 
surfaces.  S  and  N,  of  Uit*  Imletttuno,  M.     The  attmctiva  force  ii 
tmusmitU'tl  tu  Die  artificial  p<ilos  of  iron,  E  uud  U. 

(i02.  Figrure  36.— A  fuUy-motmted  lodestone 
— ^TliU  coQsiats  nf  the  armature  sepurwl  bj  ihc  lodesumc,  M,  hrj 
Fig.  33i  hiuders,  A  ftiul  K;  a   ring, 

eue]>cndiiig  tht-  uppanttun ;  a 
K,  which  is  h  soR  piece  of  Iroo,  i 
ntt'tiiig  the  polp«,S  and  X.asfthuwji 

This  keeper  is  foand  to 
and  ini!n.-u«.>  the  attnictin 
i\\v  pol(.>s,  i!a|>vcia)l>  if  tha 
eiiitfifudvd  by  the  ring,  oad 
be    Attached    to    Uk-    hotiV 
k('f]M>r. 

VtOS.  Artiilcial  mA«iiel 

bans  of  iron.  9Ut\,  cir  U'mpom: 
1o  whtcli  the  iiwiK-rtT  uf  the 
iTiAiipiet  hat  bri-n  im]urtod. 
Artificial  moeuft*  aru  ell 

viaHtitt    or    h  '' 

mi^rni^ia  arc    ' 
h&rdvn<-d  ftwl;  t^mponuv  mnfrin.*i)i  ar«  made  of  imk-mperwl 
of  §oft  iron. 
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Tnaj^Qts  are  moro  powerful  and  useftil  thmi  the  lodcstone 
or  natural  niagnvt,  anil  jtossciis  properties  iiU'tiiical  wiiti  it.  Turn* 
poniry  magucis  do  not  riuuii  iheir  magiteliam  after  ilie  exciting  caiisu 
removed. 


Fm,  m 


G04-  Fig'Ure  36.— Method  of  making  an  artificial  ma^ 

)t  with  lodeatone. — MK  n'pn?«>ut^H  parturthcniuimlodimtural 

iii^i;t  ((102),  s  uiid  N  hfing  its  polea. 

To  imptu't  the  mii^nctism  to  the  tempered  liar 

^  ■tt*el.  A.  und  rHiidor  it  a  ]M.>nriiinent  maglieU 

plaeo  it  upun  Uio  polc-i^  iih  i^iiown  in  tiu*  ligiint. 

aiid  alido  it  lengtbis'ise  hack  and  forth  u  number 

tim«^  but  not  no  far  \\s  to  pods  either  extrem- 

)■  «r  the  bur  bejond  cither  polw ;  (iually  bring 

bitr  at  re«t,  with  ita  ends  at  au  etjiMl  dis- 

iice  from  tho  jmles,  and  tlu-n  lift  it  perpen- 

prularly  fiMm  the  natnral  magnet.     The  bar 

Sirill  now  munifosC  magnetic  attraction  and  po- 

liirity. 

Tlie  artificial  magnet  will  have  opposite  po- 
rily  to  the  original  magnet :  that  18,  the  Bonth 
Mc  of   the  lurtificifll   magnet    will   have   been 
reluiMMl  by  or  at  the  north  pole  of  the  mttuml  magnet,  and  vice 


\G06.  PifiTure  37.— Distribution  of  force  in  magnets.— The 

tgnetie  forct.-  is  not  c4|iially  4li<itribuU'd  in  all   jmrta  uf  it  niiignet. 

u*  atlruct-ion  is  etrongetit  ut.  the  ends,  und  dimin-  ^'o  37. 

lea  toward  the  centre,  where  it  u  neuiraL    Tho 

idfe,  whore  tho  attraction  is  greatest,  are  called 

tlie  cvntral   part,   where   the  attraction   is 

>t)Ling,  is  otilh-d  the  tqufitOTf  ox  the  neitiral  line. 

The  puiiitioiia  of  the  jiotes  »nd  equator  are  «hown 

the  tigure,  in  whieh  the  nidialing  lines  represent 

atlnicliTO  force.     If  the  magnet  he  rolled  in 

ju  UlingB,  tJie  particles  of  iron  will  be  lUtrart-t^  to, 

]d  lield  iu  the  p<idition  of,  these  radiating  lines. 

Evt-ry  niiignet  has  at  least   two  poles,  and  one 

?utrul  point. 

The  poles  arti  distiugnished  by  North  and  South 
and  ^),  Anstnd  or  lloreal   {A  and  B).  or  by  the 
eipiepliie  {  +  )  ;tiid  minus  (  —  ).    These,  signs  refer  to  the  earfJi's  ottrac- 
tJon  und  antagonijun  between  poles  of  unlik«s  namot. 
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SometinieB,  owing  to  iuequulity  of  temper  in  tUe  steel,  artiflcial  nug- 
Qots  have  minor  poIe«,  situated  between  the  principal  ones,  caJM 
sfKondnrg  paUa. 

606.  The  law  of  distribution  of  attraction.  —  Thr  Uw 

regtilttlinK  the  ilintribution  nP  niu>,'itutic  forct;  in  u  biir  id.  that  thf  ftfm 
ia  nrarlff  an  th/i  nquam  of  the  ditUance  of  any  given  point  frxan  th» 
moffMtie  equator. 

607-  ^^6  force  of  magnetic  attraction  at  diiferent  dla- 
tancoa. — Maffiu-ts  attract  at  itll  distanoefl,  bnt  tfifiir  potrrr  dtVTMiataat 
the  xquare  of  tht  ti (stance  from  their  polejiincreasta,  being  in  mccmiMBm 
with  the  oomninn  law.  that  regulates  all  furcca  which  act  th>in  m  oentRr 
«s  that  of  heatr  light,  graritatiou,  etc. 

The  most  powerful  oiagnvta  suutaiD  about  thirty  timEfl  their  on 
weight. 

SOS.  Effect  of  heat  on  magnets.— The  power  of  mugneLi  i» 
diminishe^l  h_v  heat;  hut  if  tliey  W  heated  only  to  r^tinr^M,  the  (mwrr 
retnrns  ou  couling.  White-hi-tkt  wholly  th-ittroyii  their  magneCio  fona 
Their  power  it)  tnt;n;at*ed  at  low  tempi' mt urea. 

Fio  38.  f)09.  Figure  38.— Various  forma  of 

nets.— 'I'lit'  /nir  magiiH  n  a  hitiiph<  Rtnught    bar 
•teel.    The  horao-ahoe  magnet  is  the  bar  magnpt  beai 
ill  the  fonn  of  a  hone^flhoe. 

The  most  powerful  attraction  takes  place  when 
both  pole«  can  be  applied  to  the  surface  of  a  pi«oe  of 
iron  at  onct-;  hence,  to  fftciHtatcsuch  an  applicatiaQ, 
muDy  magnets  aro  madv  in  the  hoTBD-aboe  romt. 

A  rumpound  magnet  oonaista  of  apTeruI  m^^rts 
U'lind  together.  The  tignn'  repreaeatx  a  nompoiuid 
mHgnet  made  of  several  ptuJn  bar  magnets. 

The  dimeneioDB  wi-U  adapted  lo  ma^etto  ban^ 
straiglir  or  curved,  are  such  as  to  give  tlie  brsadtli 
abunC  -^oT  -^nl  the  length,  and  the  thicloieH  not 
more  than  half  the  breadth. 

610.  Figure  39.— Compound  horse-ahoe  magnet. — This 

couoistD  iif  «vviM-al  lior^-shoL-  uiagnuts  br>unil  cugi'tlivr,  with  their  simi- 
lar |iulv«  in  uuutucl.  by   mi'uns  of  u  claep   at   the  mtddhi  or  neulraJ 
point,  und  with  rivets  i>r  ttcrewH  at  the  ends,  as  abowo. 
To  pivirrvu  the  ma^t-tism.  thv  ]kiIc«  arc  kept  united,  wheu  the  m^n«l 


if  not  Id  ufl«,  by  meax\$  of  a  soft  bar  of 
iri>u,  called  thnil-«rr/>er.  Sucli  nuLgneu  are 
c«lktl  magnetic  bitilenM,  and  arw  ofleu  em- 
plbvt'il  iVtr  (^harging  olher  magnets. 

Lai;^  mo^netj  arc  not  an  powcrfnl,  in 
proportion  to  their  wprght,  as  stnull  oni>a, 

Therv  ts  found  a  tiiiiit  beyond  which 
tbrrv  is  no  oUvaota^  in  extending  theae 
bftth'ries. 


m 


Vm.  99. 


C7J.  Kethod  of  charging  mag- 
nflta. — Artillv'iiii  mngn^'tt)  an?  prixliiced 
not  onl)'  bf  touch  or  friction  tVum  other 
taJ^!Dets ;  but  b^r  indvetion  ;  and  b;  r/0o> 
triiaJ  eurrtnts. 

The  method  bj  touch  ia  accomplished 
by  various  modes  of  monipulattoti,  of  which  onl;  two  or  threo  will  ba 
dcaeribeil. 

610.  Fig:iire  40.-  Method  of  charging  horse-shoe  mag- 
jiete.^Let  h  be  the  bar  lo  becharged  or  magnetised.  Qaviugsi-cured 
it  on  a  board,  and  uniunl  its  exiremitiea  with  a  bar  of  soft  iron,  K. 
plaoe  the  oompouad  magnet,  F,  on  one  arm  of  the  bar^  as  ahovu,  and 

Fio.  «. 


gliAi6  it  aroQiid  ou  tbf-  two  arms  ffeTpral  times ;  and  haring  hronght  it 
bo  a  iuu  of  nstt  at  tlH>  neutral  point,  L,  ivmove  it  Tbun  turn  the 
bar  over  and  n>ptat  the  operation  on  ihe  other  «ide,  always  observing 
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t'U  keep  th«  unlike  poles  of  the  two  ma^eta  in  contact  with  cftch  oth«r; 
ihnt  ii,  so  that  the  N  pole  of  the  magnetizing  rongnrt  «rill  be  towvd 
the  8  pol«  of  the  nugnet  which  is  being  chat^j^  lu  indicated  by  i^ 
s*-vur«i  Wttuw. 

ft  J  3.  Figrtire  41.— Method  of  magnetiziiiff  etr&lgfat 
bars. — StniigliL  liar»,  unil  iiuvdtea  for  compasses,  wo  luuallv  rnacnet- 
isfd  liy  rubljiiig  them  with  uther  lHtr-inugUft».    Tfle^■  .vi 

of  doing  this,  known  as  the  metbods  b^'  nimjU  (vnch.  \>  ■K, 

uiid  by  lioubh  touch. 

Hy  Ki'ugte  toMch,  the  bar  iamagnetiwd  by  almplv  pii-iuig  one  t-ini  of 
It  |M>WL>rfal  brtr-maguet  sevcnil  titn<-d  ovlt  il. 

By  tepara/e  touch,  tlie  bur  is  niugneLizeU  by  being  rubbrd  in  sa* 
dini;tiou  with  one  pole  of  the  magnet,  sod  in  the  oppuulu  lUreotku 
with  the  op|)i>!tile  pole. 

To  magQvtize  by  douifle  touch,  two  or  fonr  magaeU  ara  viopluyML 

Fill    41. 
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which  may  be  viinplf  ur  oiimpouDd.    Jn  the  dniwing.  rouri(niiiIt>  mu* 
nc\Ay  and  \\\v  mrthyd  nf  iiKiiig  Ihom.  are  rfpr<*j«.-iilpd. 

Let  II  represent  the  bar  to  be  niugnetlx«d.  FirM.  placv  it  upnulh 
cqipnsile  p4iluit  fif  twn  mngnrC^  (imly  one  i-nd  uf  each  of  irbioh  11 
•huwnb  Mien  take  twti  oilier  mugnutji,  K  nnd  F.  uud.  Imvin::  {-1*^ 
them  M  reprewntvd  (that  is.  with  their  similur  piilen  t 
taninniflr  draw  them  frnru  the  eontre  to  the  tiitn>mitt':r '<f  niti'x  — 
hidicitled  by  the  two  armwft:  then  lilttlieni  up  a  foot  itr  Wi,  and 
ptao-  (licin  iu  tlw  «am«  poulion,  ro|Ksititig  the  pn>o«M  many  tiutu  "^ 
both  lidcs  of  ibv  bar. 
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Tb«  K  jmle  of  the  new  ninguet  will  Iw  tbrmed  iMtweeu  Uie  touth 
poloi  ur  the  ningDcU,  tkod  its  M  pult?  between  tho  north  poles,  tut  uidi* 
oatfltl  b)'  ttiu  letters. 

6^/^.  Fierure  42.— Both  poles  must  ooexlst  in  every 
magnet. —If  u  magUL-i  Ik>  brukeii  »t  thi.-  neutral  poiut.  liA  sIiumh.  vitvh 
hiiir  will  becume  a  eumplcte   magnet  or  diroininbed  Fiu.  42. 

r.ir(.v.  having  two  opijoeitt*  poles,  like  the  original.  Tho 
|>.^lf^  fonnf<I  at  the  broken  ends,  will  be  opposite  in 
fhtkraetor  to  tho«e  of  the  correHponding  extivmitie<  of 
the  original  magnet. 

iribc«e  ftugmenta  be  again  and  again  broken,  to  tin 
extreme  degree  of  mechanical  fioenorar  oaob  portirlf, 

)weier  small,  will  Ih*  u  perfeet  magnet. 

fJS.  ICagnetio  and  magnetized  bodies.— A 

tic  boiiii  is  one  wliich  contain*  tlie  two  magnetic 
Tnlds  or  r<»ree«,  but  in  a  Htotc-  of  equilibrium ;  thus, 
irt*n,  su-«l,  nickel,  and  colwilt  are  giich  bodies. 

Magnrtizf^t  biniigt  contain  the  two  flnid«,  bat  in  a 
:  nf  Bfjuiralinn,  eucli  producing  an  opposite  effeet. 
in  the  magnetic  budlt^ii  the  fluida  are  combined 
■nd  prodaoe  no  effect 

Indoetiaa. 

^J^.  Figure  43.— Induction.— Uagnetiam  by  contact.— 

1^  M  n.'pr>.-i«eiit  a  bar-magnet,  with  its  poIcB  amuiged  as  ahowu  bv  the 
otters  N  and  H.    If  a  mngnei- 
^tr  ijvdy,  tu  au    iron    kej,  be 
p]ai:«-d  in  contact  with  one  of 
le  i>ol<-«  tif  the  magnet,  It  will 
W  nugaotixi-d.  and  adhere  to 
magnet. 
If  ft  KCODd  key  be  brought 
ctintacit  wiUi   llie  first,  it 
in  will  be  muguulized  and 
Ihen;  aa  thown,  and  so  on. 
■r  other  miignet- 
iirouglit  ill  con- 
ct  with  the  other  pole  of  the 
•t,  they  will  be  similiirly 
stixed  :    the  only  differ- 
lee  being,  that  their  respec- 
ire  polei  will  Im  reversed. 
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In  both  cases  the  magnctiMd  bvdius  in  contact  wiUi  the  nagnat 
liave  their  polvi  reversed;  or,  geii^rallf,  the  adjacent  o^ctremitiM  of  lU 
the  bodius  (iueludiog  the  niagnet)  have  opposite  polarity,  as  indioucd 

hy  the  letters. 

If  i>iie  of  thesft  mnga^titcA  bndtfii  I*  rcTerstxI,  or  turned  -i, 

\U  poloritr  will  also  be  revcreed;  that  ia,  thti  end  thai  wu  i-ia.  :,  -^k 
beoompii  tho  S  pule,  and  vice  versa. 
Thin  action  of  a  raagncL  upon  magnetic  bodies  is  called  I'l 
Some  mibstanoea   bevides   the  eo-otlled    magnetic    mottfli*  tMitt 
tlifihtl^  magnetic     Some  minerals  become  nugnetic  b;  bvatiug;  aaA 
the  alio;,  brass,  br  liammering.     The  pure  eurttu.  and  fVeu  silics,  iR 
found  to  have  the  suiui'  property.     See  Diomagnt^tism,  783. 

^77-  Figrure  44.— Magnetic  induction  illustrated  by  t 

MrieS  of  rings. — 11  hu  iron  t mg  t>*^  [ihKvil  m  cunUicl  w  illi  n  tnii,::arl. 

it  will,  by  induction,  become  it^df  a  magneL  If  a  ascend  ring  i<*  ff*- 
Bfmted  to  the  first,  it  will  in  like  manner  become  a  magnet,  and  mtn, 
with  a  von-siderabte  number  of  Uiem,  as  represented.  If  the  bar  b 
removed,  the  rtnga  lose  their  magoetiam,  cease  to  adhere,  and  the  cli^ 
falls  to  pieues. 


Kir;     ll. 


Fid    is. 


618.  Figure  46.— Arrangement  of  pole*  by  IndoetloB 
in  a  Btar-shaped  body.— if  u  pi-f   of  .        ' 

form  of  M  ^tar^  and  one  end  of  u  bitr-itiii^^m-i  ''    . 

n:]>r«cented  in  the  figure,  the  wntnl  pari  wilt  have  thu  tipp 

ty  <.>f  ihe  end(»f  the  magnet  in  con1JU?t  Vijth  it,  and  the  paim*  nm  lu-- 

the  iip[>o«il(.-  polarity  of  tlm  <vnrre,  a»  «huwn  by  the  lutitfrs. 
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01!).  Plgnre  46.— Production  of  two  seU  of  poles  In  one 
bar  by  induction.— If  u  bar-roa^et,  showu  by  tli«  uprigbt  put  of 
tliH    tletiK.   Uoi:   one  of  its  poles  „ 

LiruughL  ID  coiiUM^t  wilh  Ui«  mid- 
dle pMlJou  of  a  bar  of  iron,  there 
will  be  dcreluped  at  the  pomt  of 
ooatACt  M  polftritT  opposite  to  that 
of  Che  contact  end  of  the  magnet, 
which  will  canae  the  cxtremitica 
of  the  ma^etiE^d  l>ar  to  have  like 
polea  wilh  each  other,  hut  op[H>- 
•ite  io  Uiot  of  the  centre,  as  shown 
bj  the  letters. 

6^0.  Figure  47.— Induc- 
tion irithout  contaot. — Every 
ntagiipt  18  surrounded  )»y  a  $phtr» 
of  mogaetic  inflnenc^v  called  its 
magneiic  atnuuphere.  &1  ugnetiza- 
blo  or  moguetio  bodies  within 
this  iuflaeucv  become,  without  contact,  mor«  or  less  maguetiscd.;  the 
parts  contiguous  to  the  magiit-t-|>ole  having  opposite,  and  those  remote 
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I  li  a  similar  [mUu-ity,  as  sliown  by  the  Ipttera  in  the  figure ;  X  nrp- 
[ititi(  the  magnet,  and  the  other  parte  of  the  dimwing,  stnall  ban 
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621.  Figiire  48.— Magnets  do  not  part  with  their  own 
power. — Mugitotji  do  not  {kiil  wiLti  or  Iwtti  uny  uf  tiK-ir  uiro  nugneM 
I'orcL'  liy  magtK'tizitig  ulhtT  l)oilii.-8.      'I'liey  eiiiipl)'  sot  U>  ilevekip  <r 
Ijriiig  iiitu  itctiou  a  power  vUicli  ulreiuly  rusiilm  in  tbu  uther  lfii£a| 
but  in  u  t)tat(>  of  equilibriam.     Tu  pruvi<  tbU,  let  F  Ik  a  lnr>iDap»rt. 
suatainiiig  »  tiniull  bar  of  irun,  U,  tu  wbicli  U  uttacbcd  «  Katltxpu. 
Place  in  the  aca]o*pdii  jnfli  eiiSicieut  weight  to  caiue  tli«  bar,  H,  lo  !• 
Huvored  fVum  thu  mu^ct.     RemoTc  the  weif^bts  from  Lho  [ion.  m^ak 
it  Hgjiiii  l.<i  thu  iniignct>  anil  place  tho  bar  of  iron,  K,  uii  Uie  tup  of  Ifa 
magnet,  which,  of  coiir«>,  will  be  magneliiwU  by  tii«  contact.    WblW 
the  bar,  E,  rvinains  in  this  jiogition,  mora  weight  than  Iwfont  ia  rei|aii4 
to  vepanito  the  email  bur.  II.  from  the  mugneL 

This  not  only  aliowM  that  the  magnet  bus  lost  none  of  it*  writ  foiw, 
but  it  has  dcveloiwl  a  force  in  the  bar,  E,  which,  acting  in  Poiij«in> 
liun  with  '\tA  own,  c-iioblcd  it  to  sustain  a  greater  weight  than  U  [d^ 
vioualy  did. 


Via.  iA. 
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62S.  Figure  49.— Unlike  poles  nautrmllxe  each  other.- 
A  oombinaiioii  .i|'  twu  or  rnvrv  rnmriit'iM,  with  tlxfir  lik*^  f<  '  r<- 

taot,  exerts  a  grt-ater  fierce  than  oiu'  aloit(f,or  (.-v«n  gn-at^-r  i!.  a 

of  their  forcvfl,  applied  separately.  Bur  if  two  t^uul  niiigu>-ii«  tMB«»- 
hineil,  with  their  unlike  poles  in  ooutooi,  iJiey  mutually  dc«tray  nak 
oOier. 
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kcT  ho  etispendod  to  the  miignct,  E,  niiil  Hiiotlifi'  i-qual 
^8  hniiiglil  ii]  cuiiliiul  will)  K,  unil  sliti  aluiig.  lu  n'pre«t-utcd 
ire,  the  key  will  not  lull  off  if  the  ],•,„  <^ 

of  thi;  two  niiiii^ntits  uru  iti  contact, 
But  if  the  mugnut,  l-',  be  ruverseJ, 
d,  tlie  ktfv  will  ilro]i  when  the  euda 
^'uet«  are  bi-uught  nearly  eveu  with 


Fig^ore  50.  —  Neutralization 
y  the  Y-magnet.— riit(,L-  on  (la- 
id K,  of  the  Y-shttptnl  piece  of  aoft 
n?o  magiK'te.  K  ami  F,  with  their 
tnmed  in  the  siime  direction,  and 
end  of  the  Y-shtipod  iron  will  at- 
hold  the  key.  If  one  of  the  mag- 
V)  !«  romovod,  tlno  key  will  still 
ipended;  hut  if  F  he  ugnin  tip|ilied, 
il'iS  rev(!rmil.  us  shown  in  the  dmw- 
■y  will  instantly  fall;  hccaitse uf  the 
atndizing  t-ffect  of  like  irolos  at  the 
ihe  V-eliaped  irun,  aa  indicivted  by  the  seveml  letters. 

! 

•igTire  51. —The  inductive  power  of  the  earth*B 

nu. — Haraof  iron  and  steel,  by  sliinding  u  long  time  in  i*  ver- 

ou,  will  acquire  polarity  {PiiG) ;  wlucb 

y  the  inductive  power  of  the  earth's 

.     By  testing  such  bars  with  a,  small 

thown  iu  the  figure,  it  in  found  that 

viml  the  earth  is  always  titisfral,  and 

fi  cndhoreal,  while  the  central  jwrtion 

ixperiincnt  were  iniulo  8unth  of  the 
,  the  earth,  the  polarity  of  the  bar 
hrcned. 

f  crow-hnrs,  wliich  hare  boen  kept 
lone  place  for  Vfiirs  (when  not  in  use), 
nore  or  leas  magnetized. 
r  iron.  like  Ijomb-Hhells,  a  foot  or  more 
?r.  boooiint  niiniuture  copies  of  the 
*egBnlii  niagnetiam,  by  virtue  of  the 
brce  of  the  earth's  magnetism. 
2i 
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Hypotheses 

625.  Fig^ire  62.— Hypothesis  of  two  magiietic  fluids.- 
The  action  of  the  two  ]wle>  of  it  magiiel.  upon  »  />i«w  of  soft  inn'u 

the  8aDi«;  Init  the  action  of  the  two  poleiii 
not  the  Bomc-  upon  another  magnet  If  a  oull 
magnet,  like  the  tiewllu  shown  in  Fip.  JT 
(ii35),  bu  balauccd  oti  a  ftivuL,  or  8ue]CQdf<i 
at  the  neutral  point  by  a  smull  string,  uul 
ihti  N  {)ok-  of  a  luu^'uvt  h«  bixiugbt  aw  b 
Hi  8  pole,  it  will  b«  attnicted  by  the  nuigneL 
Uut  if  the  S  polo  of  the  magnet  he  bronght 
near  to  the  S  pole  of  the  ncedlt-j  it  will  be  mil 
only  Hot  attractt'd,  but  it  will  be  rgj^IWV 
the  magnet,  and  vith  a  force  equal  tu  the 
attraction  in  the  other  case. 

'I'o  explain  tliefie  phenumena,  it  is  nq^ 
jmsird  tberu  are  two  magnetic  fiuidt,  or  ^^ 
kinds  of  eiibtle  matter.  aurn>uiiding  the  tflok- 
cules  of  the  magnet,  eJich  Iliiid  ix-pelling  i(« 
own  kind,  and  uttractiug  the  other. 
Ace^tiiliug  to  tUit;  theory,  a.  body  is  tniignetized  when  theise  fluidiiK 
sppflmted,  and  driven  to  its  opposite  extremities.  Henoe,  the  pel* 
which  contain  ttie  same  kind  of  fluid  rejid  each  other,  and  those  wliich 
contain  opposite  kinds  attract  each  other.  The  attraction  and  rf]il' 
aiun  are  mutual 

Erery  magnet  in  this  riew,  must  be  r^arded  as  an  assemblage »' 
numberless  email  magnets,  every  molecule  of  slwl  having  iia  "'° 
pole«  antagonistic  to  thoae  of  the  next  contiguous  particle^ 

Id  the  figure,  the  sninll  pandlelogTaniii  represent  the  particles  nf  the 
magnet,  the  N  poles  iMiiuting  in  one  direction,  and  the  Spideein  th» 
opposite  direction,  'rhese  uppusiug  forces,  therefore,  con^touUv  b>' 
eaae  from  the  central  or  ueutnil  point,  where  they  are  in  c(|uiUbrii)B** 
the  ends,  where  they  are  greatest 

690.  Laws  of  attraction  and  repulsion.— The  laws  of  hmS' 
tietic  attniction  and  repulsion  are — 

I.  Mai/M^ii:  polfs  of  contrartf  namts  attract,  and  thorn  of  th*  i"^' 
tutine  rrftfl  Mth  oth*r. 

'L  Thf  forcM  of  attraction  and  repithtioH  both  vartf  invemflifMf^ 
t^tiare  of  lh«  dtttahcr  Micmh  the  attracting  and  repelUng  poiet. 

6S7.  The  coercitlvo  force.— The  resietAuce  which  bodies  sho* 
to  the  inducUun  of  niuguetism  is  i^ukltod  the  co*rcitivt  force. 
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i6  two  fluids  Arc  more  casitv  s«:>parar«d  in  some  iKidiea  thun  others, 
aft  iron  they  yield  with  lesa  rosiBtaiKx*  than  in  imy  other  snhstAncc ; 
tin  himU'iiiil  fitet'l  h  ijowcrful  magnetic  furee  iti  R'^jiiirt'd  lo  induce 
eniuutciit  niaguetieni.    The-  hurdcT  the  atuol  Uiii  iiiufc  dilllcuU  it 
it»  to  w'lJiimte  the  two  fluids, 
iruu  inirts  with  its  induced  niagnetiem  us  rmdily  as  it  receives 
\^\\f.  revurg*':  is  the  cik^-  witli  hiirduUMl  hIih-I  ;  it  lakes  time  and  I'nrce 
ler  it  a  magnet,  but  it  retains  its  magnKiam  for  a  long  time 
foroe  which  resialii  tlie  tX'panitioti  of  thu  two  fluids  ttotti,  after 
Kparation,  tu  prevent  their  reunion. 


Pia.  08. 


Magna  tic   CurvM. 

?,y.  Figure  63.~Magiietic  curves  rendered  apparent 

fte  eye. —  If  a  piece  iji  jiiiper  be  utretcheil  on  ii  iVunn;,  ami  |il;ici;d 
a  powerful  bar,  SN,  the  magnetic  attractiou  and  repulsion  will  be 

fftt-d  tlirough  the  papt-r; 

iich  may    be   sliown    by 

iKtiug    ou   the    paper. 

bugh  a  lawn  sievt-,  some 

Krou-du8torIiling&  The 

jiclM  will  arrange  them- 

H  in  a  Series  nf  curved 

■■of  magnetic  force,  pro- 
Rug  from   homologous 

nnilar  points  on  each 
of  the  middle  of  the  bar,  some  uniting  about  the  magnetic  centre, 
pB  standing  out  at  the  extremities,  as  if  repelled  from  the  jmles,  N 
B,  and  tending  to  turn  at  considerable  diahtnces  into  other  curved 
of  force,  to  unit*  their  branches  between  tlie  opposite  polea. 

..J.  Pigvire  64.— Magnetic  curves  with  I've  magnets 
'Unlike  poles. — Place  the  stretched  paper  over  dissimihu'  pules, 
of  two  powerful  bar-mag- 

plaoed  about  two  inches 
and  project  over  them 
Ine  iron  filings  aa  liefore. 
letic  lines  of  force,  both 
ght  and  curved,  and  iJn> 
ing  from  similar  jwintsof 

bar,  vfill  be  apparent,  unit- 
thf  two  |KdfB  by  chttius  of 
.  uttrsctiuu. 
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fi'SO.  Figrore  55.— Magnetic  carres  with  tiro 
and  Bimilar  poles.— Rfvcrw  Ibf  position  nr  one  uf  thu  ma; 
the  lutit  cxperiDumi,  »>  ua  to  o|ipu6c  two  smiit:M    '    '       ""        ' 

Hnc^    uf    i   ': 

to  be    conllicting  linM. 
ri'iuiUivt*    foTvea    will  i-av 
t  ninavcr»t*   etraight   IEh«  tu>| 
jM^ftr    iiptjri   the  ipaoe  bel 

ilit>    polisL      At  thii 
opposed  forcei    uv    •: 
with  vncli  otlivr,  I' 
in   repuUivv  ililvcUoi.^ 
oppo«L'd  pole*. 
Thfsi-  plii'tixtii'iiii  afford  *«.i5fiu:t<»rT  vIbikiI  I'vitlcncf  nf  thersi»li;Ti'i- 

of  tWH  iltKtitiei    forces,  of  their  rouprocat  aitractious  and  ivpiiUiouv 

find  tlieir  tnatuul  acutrsliziitiou. 

631.   Magnetic    attraction    not    intercepted.— 31  Nmftir 
BttrnctioD  aoU  through  gtuss,  paper,  snd  wilid  and  liquid  at''   ' 
g^-uei'ally.  which  are  not  capable  of  aoquirinj;  nift^f-tic  infl. 
tht'  ordinury  niannt-r.     Mugneta  manifcaL  tlio  suniepheiiom<.Ti:t   i 
and  in  a  rucuum  ns  in  air. 

(}33.  Freservatian  of  magnets. — Hagn«U.  if  abantlnM^  (" 
th^ni'U'lvfs,  would  in  tinii'  lost*  much  of  their  jxiwi-r;  hvuce  >' 
the  ftrmatnn:3are  i-niptoyed.    Tht- lUTnaturo  taupiecvof  ioftiA>:.|  ^  - 
in  oontAct  with  the  poles  of  a  ina^eL 

The  poles   iictiii|B;   hy   inilunion   upon  the  armntun',  der    ■ 
poliirity,  tuul  itn  two  poles  acting  on  the  tii'o  ]¥*lvs  u{  the  maf  l  ■  , 
vent  the  rccompoiuiioii  of  Ui«  tiro  Huidd,  atul  tku«pruw*rve  itamMffH" 
ibuu    Thu  armaturu  is  oiku  called  the  kefptr. 


TRftnRHTni  Al.    UAflNRTtBir. 

ffSS.  The  earth  as  a  magnet. — The  enrth  may  he  t'ooiUi-r^  > 
huge  iiiiigiiut,  lifting  uptm  ii)»gn«'ti(;  needlea  in  the  Bune  way  c 
neti»?d  intra  do.     li«  magnetic  yo\fs  uri*  near  (he  feofraphic  polcst  t^i 
itJi  netitntt  linf  r(>ittciJi>-<t  itfurly  with  ihe  t.-«|tmtor. 

The  (tnid  which  in  oMumed  to  prrdnminale  nt  (ho  nort])  pi.l 
-mrth  \b  culled  the  borniJ  fluid  :  that  which  h  i>nppo«ed  In  pn-*l'<r   :.' 
al  th>>  south  pole  ia  calleil  the  nttxtntl  fluid. 

Am  diasimilar  poles  aitntrt  and  Htmilar  omf  rtiwl,  thr*  [■ 
balauovd  magnetic  net-die  whitih  turns  lovanl  the  north  musi  i-->i»- 
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Oil!  austral  jtniil.  awl  the  one 
*hk:h  Minis  toward  the  eouth 
>tiu«t  contain  i\\v  bureal  fluid. 

C}34.  Figrure  56.    The  as- 
tatic needle  is  an  inBtriiment 

in    uhirh  tlu;  ilirwtivc  tendency 

of  tJiv  cartli's  mii^iietisni  is  neu- 

rrnVtzed,    hy   pluclng    two    i-iittul 

De<;dle.£,  .NS,   puralk>l  m\v   uhiive 

Ihe  otht^r,  with  t}ifir  iiiilike  pde« 

p|HViwd  U»  «u:h  other.     Tliis  sys- 

leiTitB  8U8pendL-d  from  a  fluitable 

mtipurt  by  »  hair  iir  fihro  of  raw  silk,  H,  nnil  Is  a  seneilWc  t^-st  for 

taeble  mugnetic  eurri'utB. 

CSS,  PigTire  67. —Magnetic  needle. — The  dniwin;^  reprewntB 
ft  Bim[)I(!  mugiietic  iu'edh',  liciug  Qutliiiig  more  than  a  piece  of  hanl- 
rand  steeU  tajwrcd  fram  the  p,^  ^ 

middle  tu  the  extreuiitiL-s, 
IhoPonghly  niiignetiiM.'d,  und 
■cvuratcl)-  balanced  on  u  pir- 
oi.  au  it  ahall  Iw  fife  to  turn 
)n  all  horizoutul  dinectiuua, 
*  inttictited  hy  the  arrows. 
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OSij.  Directive  force 
of  magnets.— bj  the  di- 
ft'Ctive  force  of  magnet*,  is 
■>P«>nt,  the  tendency   which 
^^'^S  hiivc  to  armiige  them- 
'^^v«^a  in  Buch  a  manner  that  their  like  poles  will  be  reversL-  lo  eiioh 
^^T,  which  is  in  obedience  to  that  fundamental   hiw  of  magnetic 
^  ^I'uctioti,  which  CI1UBC8  liko  poles  to  repel  and  nnlikc  poles  to  attract 
each  other. 

-*-  hfe  balanced  miignetic  needle  assumes  its  ]H)sition  in  obedience  to 
*^  same  law,  and  comes  to  rest  with  \\.%  antitral  or  N"  pole  toward  ihe 
'^h  pole  of  the  earth,  and  its  boreal  or  S  pole  towanl  the  south  polo 

^^  the  earth.    Hence,  what  we  generally  caII  the  north  pole  of  a  needle 
**-*lly  its  south  pole,  and  it:s  sonlh  pole  is  its  north  pole. 
*'*>r  simplicity,  the  mariner*!*  eomposa  and  other  needles  are  8imp]j 

"''^•'•kt^  N  on  thatjioint  which  turns  to  ihe  north. 

All  bar-magnet£,  free  to  move  in  a  horizontal  plane,  arrange  them- 
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lelrc^  in  this  manner  in  all  putts  of  the  earth.    Hcnen,  llie  eulli  is 
rvgnnlLMl  as  an  inunense  raof^ct,  controlling  tlin  pudtion  of  kbuQ 

.iniijfiK'tH.    The  dirfctiTe  ptmer  of  the  enrth  is  B00uunt«d  for  in  muUht 

'■way.  which  will  Iw  .'Xiilttilif;*!  hiTeaftcT- 

The  directdTe  force  eixupLy  rotates  the  magnet  or  aat- 
die. — If  Ha-  uwiilv  W  otUtclivU  lu  n  |>iery  of  ci>rk.  an  J  pluc«d  iu  »Aiii 
of  water,  it  H'iil  Liim  unU  coino  to  tt-^t  iti  the  B»mc  gftivnl  iltr 
tliuiigh  it  were  balanced  on  a  pivot.  Though  Ihi-  ne«lli;  i»  tiu*  :... 
niovi*,  it  dom  not  adTancc,  citlicr  toward  the  north  fir  aoath.  HrMi. 
it.  i.H  inri-rred  that  the  force  exerted  upon  the  needle  is  nmpljr  m*tirtt- 
iivt  forof. 

GST.  Magnetic  meridian. — When  a  boUnced  magnplia  wnllr 
fnvnvi  U)  u  stutt)  of  rest.  ii.  Iii»  iu  the  direction  of  nugnetic  narth  ml 
south.  The  iniiigitiury  pluiii-  [ittusiug  tlirough  the  upedle  and  the  n«tn 
of  the  i:arth,  is  callt-d  the  pUine  of  the  maynetic  rntriiliaH^  or  tb*  w^f* 
tietic  iMriiiimu  A  pUne  piLssing  through  tlie  place  and  tlie  ubaf  ifat 
earth,  is  called  the  pltrm  of  the  fnt*  ituridian,  or  the  fnr«  nunVu**. 

Tariaticma  at  the  Nsedla. 

GSS.  Declination  of  the  needle.— The  mngnrtio  mcridknia^ 
the  true  iiicridiuii,  iu  yviHTiiI,  du  not  iwinridi.'  with  eat'h  uthvr.  Tiic 
angle  which  the  magnetic  meridian,  at  any  pluee.  makes  wiUi  Uistrv 
invridiau,  is  allied  the  dedinntion  of  th"  nm/lt.  In  otht-r  wunU,  tlw 
declinatii^n  of  the  ne«<lle  is  its  deviation  from  true  imrth  an'!  —•''■^' 
IfThis  is  difTett^nl  at  ditten-rit  pUiccti,  and  at  the  lame  place  at  •■'' 
timed. 

If  the  north  cud  of  the  needle  rcsta  on  the  east  aide  of  the  tmt  nierid- 
[on.  that  18.  [Hiints  east  of  true  north,  the  declination  is  said  lo  be  I* 
Mr  vast.  When  it  pQints  to  the  west  of  true  north,  the  decUnatiuD  it 
said  Ui  be  tv  the  tPCJit. 

A  line  extending  idonf;  the  earth  where  the  needle  pointa  to  the  tiw 
,  north,  is  called  A  lint-  of  no  dwlimttinn.    Such  a  tine  extends  Crom  nor 
Cleveland.  Ohio,  to  C'harlcston.  South  ('arotina. 

This  line  of  no  tlfviatton  is  moving  to  the  weatTord  at  a  r  < 
wonid  esnr  it  aniund  thi-  earth  in  ahoul  one  thnumnd  yvan.     luv*  '-• 
thu  niu^t  singular  nf  all  the  phenomena  of  tcrreatnal  mo^etiun. 

Fur  all  lurls  of  the  United  KUtes  east  of  this  tine,  the  divliti.r 
the  needle  is  to  the  wrjil ;  for  all  pointit  to  the  west  of  it.  '' 
tion  in  to  the  mpt.     Tlir  north  end  of  the  ueedirt,  at  ajl  , 
cliiied  townrd  (he  line  of  no  cIprliiiatiQH. 

Then''  arv  two  lines  of  »»  decHnation,  eastern  and  vvateni'    ' 


rm  - 


XAOSBTIUV. 


343 


I  either  vest  or  oast  fhim  either  of  these  lines,  the  dectination 
nt^'dle  frr&dii'^IIy  incrcaaea,  litiil  hccnmcs  n  maximum  ut  a  certain 
L'diute  point  betwei'ii  thi-m.  These  two  liiiea  of  no  derliuafiaH, 
present  uge,  exteiul,  one  ol)litiiU'ly  ovit  North  America  un<l  the 
c  Occun,  and  the  other  through  the  middle  of  China  and  ucmas 
oUiind,  and  they  aiv  eufipostxl  to  cummunicate  ueur  both  jhjIvs 
.•arth. 

po«itiDn  of  the  northern  magni'tic  pole  is  about  19*  from  tlie 
^graphical  pole  of  the  earth. 

}.  Dtdly,  annual,  and  other  variations  of  the  needle. 

rtitiiiil  bv  obsrrvatriiii,  \\vm  there  is  ii  ilailv  Yariiiti'.>n  <>f  the 
fntm  catit  to  west  and  from  west  to  nut,  averaging  a  little  Icsa 
le  deg^e :  caused,  doubtless.  Iiy  the  iii-tion  of  the  soDf  and,  there* 
lis  variation  varies  in  different  lutitndex. 

london  the  north  pole  of  tlie  needle  more«  westward  from  eight 
ntil  one  P.K.  Boon  aflerone  o'clwk  it  begins  to  move  ea^twjird, 
uhes  its  former  position  about  ten  p.m.  During  the  night  a 
oscillation  occntii,  the  north  pole  moving  westward  until  ihreo 
lien  returning  as  before. 

ler  variationa  of  the  needle. — There  are  nnnnnl  Tariations 
uetille,  (;niir(»rmii)>;  ti)  the  movement  of  th«  mm  in  the  solfltices. 
re  are  irreyuinr  variations  of  the  needle,  ennnerted  with  the 

borealis,  or  other  cosniicul  phenomena,  which  have  been  ealled 
tic  sturius. 

magnetic  ne«^lc  also  deviates  more  or  less  by  the  near  approach 
*-s  of  iron. 

?.  Inclination  or  dip  of  the  magnetic  needle.— Ik-stiles 

roTid  kiiidH  iif  viiriiitioiis  alrt'aily  nuticed,  there  is  another,  called 
z/iON  or  flip.  If  tt  iK-rfeetly  unniagneiizeil  neeille  lie  suspended  at 
itjv,  by  a  fibrc  of  raw  silk,  it  wilt  remain  horizontal,  and  con- 
to  point  in  any  horizontiit  direction  in  which  it  may  be  placed. 

the  same  needle  be  magnetized  and  again  suspended  in  the  ^me 
rr,  it  will  not  only  assume  the  magnetic  north  and  gonth  direc- 
>nt  it  will  also  assnme  an  inclined  direction ;  that  is,  its  north 
ill  point  more  or  leas  downward  tnwartl  the  north  magnetic  pole 

mrth,  and  the  south  jmjIo  upward.    This  inclination  ii  called 

^K  lilie  the  dfelinfiiinn,  is  snbject  t^  continual  and  progressive 
■  At  London,  in  1576,  it  was  71"  50*;  in  17--i-T  it  was  at  its 
ium,  being  74°  W,  while  now  it  is  only  68"  15';  showing  it  has 
ied  about  3'  per  annum  for  th«  last  hundred  and  tlfty  years. 
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fi^i.  Figure  56.— Action  of  the  earth  lUuBtrat«l  by  Um 
action  of  a  znagr^et. — ^Thc  magnetic  bar,  HN,  is  pl»cud  lioriioMUltj 
Oil  llie  iliMmvLci-  ul'  a  «)einicircW,  reprcMDCing  an  arc  oX  the  nwhdiia 


Tia    S8. 


ir  a  needle,  fVee  to  move  rerticall^.  be  placed  at  thtMnuffnviici.-'iaatflr, 

F,  its  two  poles  will  be  vqaall)-  atl  ructed  I»_v  iho  m»gn(^t,  Riid  the  nwdfc 

will  LotiiciiU"  with  the  liorisoTi,  shown  liv  the  tUitt^d  liny ;  its  r*al  minh 

pole  stiiniliit;;  in  the  direction  of  the  suuth  \ictV'  nX  tlie  raafffiet. 

If  the  nmlle  be  placed  at.  K,  its  N  pole  will  puiut  toward  [1>l-  with 

p,„   59  ]K»!f  ur   the  mngnet,  m  ahown   l-y  liw 

Icttere.     If  it  U-  plftwl  ftf  n.  itii  B  pjfc 

will  be  torm-d  Uiwiird  the  ni»rth  pnleof 

theniHgnct,u8  indicutei!  liy  llif  I.  iien. 

042.  Figure  69.  — Dippinr 
needle. — 'I'u ahow  the  dip,  and  u>  w^ 
lire  it  at  different  pluotti,  a  ueedic  n  m 
inoTintcd   as    to  be    !"    '     '  '■* 

luovc  or  rotate  in  a  v»-i :     1    .  '"■ 

imiount  of  dip  being  iudioutMl  I7  1 
L'l.'iiiiuttfd  eirclc  or  fjUadtMit,  a«  R|n- 
-<  nu-tl  ilk  the  ligiire.  At  any  plaectbt 
dip  will  bo  greatttil  iHWKible  whrn  tki 
iiivdle  vibrates  in  the  plane  of  Um 
Tiuipncti*'  nii-ridifin  (63R). 

The  dip  Yurico  in  pH  '□  [dm 

Ut  plm%',  being  grealeet--  ....  ;uagniitk 
poli'K,  and  nothing  at  tbc  magoatk 
i'([iiulor.  us  dearljr  illustraled  Uf  tbc 
rulluwiiig  diagram. 
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W4^.  Figure  60.— Position  of  the  dippingr- needle  in 
difforant  parts  of  tho  earth. — SKN'  repreM-uU  liu-  nitignetic 
^riilUn,  fttid  MK  the  ningnoiir  i-4|Uator  of  the  earth.  Ia'I  8,  at  ono 
[tremiiy  of  tbf  line  SKX,  reproauiil  the  north  nmjiiit'tic  polo,  imd  N, 
at  tite  other  eiiil  uf  this  Hue,  the  iHiiitli  imignetic  pole ;  nad  the  M'Teral 
arn'iTi,  the  dipping*necdle.  with  thu  north  |K)lr  »t  the  poial  of   the 

The  angle  whicli  the  ntvclle  miikes  with  the  horuoQ.  at  any  place,  is 
Cklltil  thu  dip  at  that  phicc 
At  liie  vi{UatuT  (that  is,  at  the  magnetic  ptjnator),  it  will  he  ec«ii 

Pig.  (10. 


the  HN-dle  tutsiimcfi  the  horizontal  ]Ki8ition,  being  equally  attracted 
hv  the  two  mognt'Ut;  ]Mled  uf  the  earth. 
At  tbf  magnetic  poteo  the  dip  U  90^  Uic  arrou-8  being  diretilc^l  toward 
nufnietic  poteg.     When  nearer  the  norfli  pole  ihan  the  iioutli,  tb« 
int,  »r  X  p<)Ie,  uf  the  ntMxIle,  jKtintjt  lo  the  magnetic  pole;  hut  when 
kror  the  enuthpoV  than  the  north,  the  feather  end,  or  S  pole,  of  the 
lU,  poiute  to  the  iUBf;uetic  jwle. 
ICH^  a  ncfille,  hurizonlally   lialnntvd   al    the  ei]nator.  would  dip 
the  Nuih  ai>  il  \«.  carried  toward  the  north  ]>olc.  and  vice  versa 
^toward  the  wmth  (wlc.     Mariiierii'  compastjea.  Ihert-fore,  «rt« 
th  a  ilidiog  W6i){bt,  witli  which  l<i  keep  the  needle  Italance^l 
'i  e-an  W  shiftud  to  the  other  litle  of 
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644-  Figw*  61.— The  mariner's  compass  ia  armng^d  m 
a  box  calltid  n  hinmitU.  Tbe  niagiwtic  BeedU-.  drtioau-Ir  pAiwd  on  « 
socket  ur  ugatc*  u  attached  to  the  lover  nde  of  a  card,  on  wbicfa  n 
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jiniEiai! 


printed  the  Btnr  or  tliirly-ttt'o  pointa;  tln'  i-jinliniU  (xm!  '.'  K. 

K.  W.    Thf  oompaas-lni-i;,  H,  is  liiing  on  points,  irjille*!  _;■  >•( 

which  is  aeon  at  U,  and  two  others  at  the  tops  or  the  armt  LL;  tbr 
mhol^-  buiug  lirmty  sccinvd  to  thf  support  AA. 

Uy  this  niethtMl  of  atipporlicig  x\iv  compau-box.it  alwayi  r^maini 
horizontat.  however  the  «hip  may  rolL 

Tables  for  correcting'  variations  of  the  oompaos.— Ftr 

mo8t  pmctii'iikt  n[t('i-ulii)iii),  ua  in  navij^ntion  aiiil  tiiirTcying.  thr  dc>iia- 
tion  of  the  Dui'dle  from  thu  true  north  Bud  wtulh  Uf  takvu  tiilu  ocGoiuat. 
and  a  rule  of  currvcttODB  a|>]>liod.  Tho  amount  or  variation,  MUt  at 
WfBl,  for  diffiTcut  localities,  nuty  b«  ascertained  fVom  Ubltt  aceamtdy 

cnlc-uUtud  and  arrKng<.>d  for  l-hia  purpoi^ 

Discovery  of  the  compass.— It  Is  cloimifd  Uiat  the  directm 
t^ixloncy  of  the  magnet  was  known  to  (he  Chiuesf  wm*"  ^noo  jnMU* 
iM'fon^  tha  (Hiriatiun  era;  hut  it  vrns  not  ku'iwn  to  tlie  Kuro]v«n  ss- 
tiona  until  ationt  I/J.'iO  years  ttfl-t-r  the  Christian  erL  Th(  eompai»« 
nf  Uiat  lime  vrrc  mcn-ly  picuea  of  lodeatone  fixed  to  a  corki  irbiok 
floatnl  (111  ihr*  ^nrruif  of  witter  ;  or  ii  simple  8ew>  ' -^  rvndered 
niagnvtio,  thrust  tlinmv'h  ;i  ct-rk  or  rttcd,  and  pUici.-.i.    r. 
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64^.  Magnetio  Intensity  varies  in  different  parts  of  the  earth. 
In  general,  it  is  greatest  about  the  poles  and  the  least  intense  about  the 
eqnator.  The  relative  intensity  of  different  points  is  determined  by 
the  nse  of  the  needle  of  oscillation. 

The  greater  the  intensity  the  more  rapidly  will  the  needle  oscillate; 
the  relative  intensity  being  as  the  square  of  the  numbers  of  oscilla- 
tions. This  method  of  testing  the  relative  intensity  of  terrestrial 
magnetism,  is  analogous  to  that  of  testing  the  force  of  gravity  by  the 
oscillations  of  the  pendulum  (61). 

646.  The  indaotiTe  power  of  the  earth's  magnetism  is 
manifested  by  the  polarity  of  bars  of  iron  and  steel,  which  have  been 
standing  for  a  long  time  in  a  vertical  position  (634). 

647.  Xrtilisitlon  of  magnetism. — Its  directive  power  renders 
the  compass  invaluable  to  the  explorer  of  the  wilderness,  to  the  navi- 
gator, to  the  surveyor,  and  the  miner.  The  mineralogist  apd  the  gen- 
eral investigator  find  it  indispensable  in  many  researches.  Different 
artisans  make  valoable  use  of  the  attractive  force  of  magnets. 
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CHAPTER   XIV. 

<(.HAKT  NO.  8-1 

ELBCTBICITr. 
BTATICAb    OR    rRICTIORAL    ELKCTMICETT. 

Fundamental  Principles. 

G4^.  DeflnitioQS.— The  niiine  vlwlricity  is  dcriTed  Ixvol  tk* 
Orwk  akkir-jn,  which  mvauB(fm6tfr. 

Electricity  ■«  M  impoutlerable  agent,  existing  in  all  rabstnootf 
tliroughout  oature,  without  affecting  their  Tolnme  or  ilu-ir  lrmp<n- 
tiin\  or  giving  any  intlicutiun  of  \\a  |ire8ence  wlmn  in  it  laUnt.  or  <|uirt 
state,  \\1ien.  howcTcr,  it  is  by  saun:  means  liU'mtvd  fn^m  this  rcpcM:. 
ii  is  cajMbk' ufiinHlucing  thi!  must  t*uililt?n  und  duatrn  '        t 

or  f\(*rting  [Kiwerfiil  inllufncve  b}- a  gouilc  and  long-d  * 

Electricity,  us  il  science,  treats  of  the  excitAtion,  the  mauiliwtAtwcA 
Rud  the  effects  uP  this  agenL 

G4^.  IMscovery  of  electricity.— The  ancients,  ilx  faonilrTd 
yearB  before  tlio  Cliriiitiun  erik.  knew  that  amber,  when  rahbtM],  wtwU 
attract  small  pieces  of  strau.  barbn  of  iiuilbi,  and  the  like.  Rfj^iU 
thie  fact,  which  romained  without  valoo  for  more  Uian  two  thotuasil 
yearo.  nothing  waa  known  on  tlie  subject  until  ttie  end  of  Utv  sixtfeat^ 
f.-enliiry.  The  8uoc<^«i)  with  which  tliie  subtle  ngcnt  is  handled  a«d 
<x>iiin>IIM  at  the  proBent  day,  is  shown  by  a  large  group  of  sciencvt  W 
which  it  has  given  birth,  and  by  the  exiatonce  of  the  Atlatitic  Cable, 
and  couutleHS  telegraphic  wirea  istret«hing  arouud  the  world.  annihilU- 
ingtime  and  space,  and  enabling  ns  to  converse  with  onr  anlipodt& 
Vet  the  exploration  of  this  vast  fleld  of  science  is  btit  ju»i  comm 

H/iO.  The  flourcBB  of  electridty.— Thcchi.f  eonr 
Irical  excitement  an- — Isl,  Fricfivii  of  dry   sulifilaiiwa ;   ,1 
artioH,  or  chemical   oomp<>sition   and   chemical  decoQipoatjon : 
Magaeliam,  producing  mngnelo-electricity  ;  4th.  Umt,  or  thvrmc 
tricity;  5ih.  Atiimai  rlr^/ricitt/;  HK  Ehftrifil^  of  PUttitK 

G'^l.  rigiiro  1.— Electrical  effect*. — Ifndr>-and  worm 
rod  or  tnU-  ho  briskly  rubbed  with  cat's  fur,  or  a  picw  uf  fcilk  urw< 
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loth,  it  attracts  to  ilacir  bits  or  pR|>cr.  elireilu  of  mtton,  guld  Icuf, 
lUierSt  pith,  HRil  ottier  light  duljflluuces,  holding  them  for  on  instant, 
Ltbcii  npelting  thoin.  ua  illusinik-d  tiv  the  ngiin.*. 
,tlie  exjvriiiu-iit  be  [xTlVtraiwi  in  the  durk.  ii  fwblc  \)\\x\i\\  light  ia 
in  the  path  or  the  rubber.    U  the  gisM  ii  immcdiatelj  preaeuted 

Fiu.  I. 


to  a  metullio  bodj^  or  to  the  knuckle  of  the  Anger,  a  parple  spark  vrill 

dart  off  rn)iii  thf  glaivvrilh  cnitrkling  Round.     If  the  glatat  be  hfhl  near 

x\\fi  futv.  tt  sensation  is  experienced  aimilftr  to  that  prodnced  bj  druw- 

ig  a  flnf>  Uiread  acniss  the  $kia.    Th*<  KHme  effects  are  prodnced  by 

'■^'T.    A  j)eculiftr  odor  accompninied  electrical  excitement,  aa  also 

fii  ir  ta«tc,  if  thr  electricity  be  excitt^l  hy  voltaic  action. 

ikkdic*  thni  excited  are  suid  to  bo  ftectrijfed.  a  condition  which  u 
only  tnuisient. 

These  eiitiplc  cxpcrimcnta  oonUin  the  germ  of  electrical  science 

fJ/iJ.  Electroscope.— Electrical  pendulum.— An  electrm<onpc 
'■  ■■       '1  then;  16  H  vuriety)  i»  an  uppumtus  to  show  n-hetlier  or  no)  a 
111  lectrifiwl.     The  must  BinijiU'  of  tliene  is  the  elerfriettl  penJnhifN, 

rbtch  t«>n0tBlti  simply  of  n  STnall  bull  of  dder-pitb,  or  cork,  suB]N'Dd<-d 

^y  a  finv  i>ilk  threud.  which  i«  fastt^ned  at  the  nppcr  end  to  a  «t«]n  nf 

npfn-T  pmridiil  with  a  gliw*  tiapport. 
If  an  1  body  Ik*  pn-wnted  to  the  pendnlom.  the  pilh-biill 

rill  be  uiu :jy  it.    If  the  body  i«  not  electrified,  thp  ball  will  i-i't 

-itive  tvfits  ore  n^iuirvd,  luun;  delicate  instnimcutA, 
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G/iS.  Figure  S.— Vitreous  and  realnoos,  or  positive 
nepitive,  eleotricitlea.— Tlit-re  an*  twu  kitiils  nf  i-li-  ^r*^ 

difft-reiKx-  bclweoii  ilieui  depending  upon  tbu  kind  uf  matcrij,  ■■-...■^a 
subjuoU'd  to  (Viction. 

Ifti  Lubu  of  glass,  ohuwii  in  tlio  llgaiv,  be  nibljci.1  with  a  i-"  \ 

and  then  pa'senlvd  to  the  elvctrical  pvurliiliiin.  tlit  |iilh-i  .- 

uttmcti'd  uad  Uieu  repelled. 

If,  now.  a  stick  of  sealing-wax,  m  shown,  l>c  rubbed  with  (buiufl.  unil 
brought  near  the  piUi-batI  (which  is  alreudy  dmrgt-d  with  th^  «:l»*- 

trioity  ^m  the  gtan),  it  will  be 
*^''- *■  attrirUHl     to     tho    s-   ■' ■    ^  i, 

though    it    wafl   tv\y^:-\  r- 

gluts.     If  the  wax  be  pr- 
lu  the  pith-ball  Grat,  the  b»..  -  .. 
Ix!  attructod  to  the  wax.  hnroiM 
charged  with   ita  eh-  I 

thcu  n^pcllfd.  In  Ui;.-.  ...^.~  .« 
Imli  will  bv  AtlnutU-d  lij  tlw 
gliMa. 

A  i>ith-ball  suKpcnded  Iwtirwfi 
the  gtosi  and  wiu.  m  repP: 
will  continue  toRwin:  :i^ 

forth   fi-om  one   to  th  ,  ^^ 

indicat^rd  by  tlio  orroWfi,  ai  lui^ 
us  there   la  tutlicii-nl    ekctnal 
cxcit^'mi'til  1*1  charyi'  it. 
The  ball  bi-Jng  charged  by  tho  gloas,  is  tbvn  tvjirlled  and  attmitc^ 
by  the  wax.     The  wax  abmrbs  the  electricity  brought  from  Uiv  glasit 
and  charge)!  it  with  its  own ;  wh«n  it  Mill  be  rvpvlk>d  by  tbv  w«i  and 
nttnicted  by  the  glam ;  and  tto  on. 

This  abows  that  the  action  of  cU-etricity  developed  in  gUa  and  lo 
resin  is  different ;  the  one  rei>elling  when  the  ottier  attracts. 

The  electricity  ilerelopfd   by  rubbing  glasH  in  called  rt/rratu  wl 
jMisitife  eleciriritff ;  that  developed  by  rubbing  resin  or  mmlitig-wmi 
called  rennoug  or  neffatitv  elerJricitjf. 

GlaM  and  reain  are  )mt  types  of  two  large  claoee  of  mbctsnce*,  wl 
po«w«a  mon>  or  leas  perfwtJy  this  ohanoUiristio  dil&rftiKx-,  u  Abui-«1 
plained. 

654-  The  theory  of  two  fluida.— This  theory  in  hwrA  Ttpnt»  i 
the  snppo&ition  that  two  cliH^cricul  fluids  exist,  in  un 

in  a  state  of  rombination,  forming  what  is  called  a  twu/^.,.  r- 

ucuLral  duid  hus,  uf  itaelf,  uo  obvious  propertici.    Ucncct  budiei  vtiii 
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Sy  conuin  it  iirc  eaitl  to  bu  neutrai.    The  cnrtli  va  cangidend  n  great 
krfwr  uf  tliis  fluid. 
t  Ibbt  nt'utrul  lluid  is  dixnmpowHl,  and  the  Iwd  fluids  separated,  b]r 
whstfTiT  tncana.  then  rarioue  clecirical  pbeuomt.'aB  are  iminvdititcly 

1 :  ^laM  ifl  nibhcd  vith  eilk.  the  poeitive  flm'd  |E^>e8  to  the  glasc  and 
thf!  n^atiTe  to  the  silk.     Bui  if  A^alinj^-wax  is  nibbed,  the  negittiTe 
Mm  £Ot«  to  the  aealtug-wiLX  and  ihc  p<ii«itivf  tu  tbo  silk. 
PEUI  eleoliical  pUenuuivnu  iirt-  t>up))u$cd  to  1m  dnu  Ui  thi-  lL-ud(*Dcv  of 
Ute  two  OaidB  tu  nuuitc  and  nvutralixe  each  other. 

600.  Tho  Bingle  fluid  hypothesis  i^  simple,  wits  for  a  king 

time  odupLvd,  uud  will  uccuuot  for  most  of  thu  pheiiumeiiii.     It  $up[iD- 

«a?a  Ihr  cxistinuv,  ibruu^huut  all  gpucv.of  asubtif  nod  cxt-ct^itigly  i-las- 

tii'  fluid,  «^:ii|lnl  llie  tlectricjluifl ;  Uj«t  it  is  repulsive  of  iln  own  [wrli- 

'  tat  tmetud  by  ptirticU-g  of  other  mutter;  that  allbodies  eonliiin  u 

.^, •■■,;. I    quantity  of   it;    and  that,  vhcD  thu«   conibiniMl   witli  nther 

joattrr,  it  loM-s  itit  «fir-rc|HOI(.-iit  tendency.     In  its  natural  eUtte  every 

ice  bas  exiictly   its  own  ijuuntity  of    ibi^  fluid,  und  is  conw- 

in  a  eUite  of  elcutricul  iudilfereiice.     If  electrinU  excttctneat 

in  developed  in  u  body,  by  whatever  meaus,  this  electrical  cqailibriatu 

■i ;  and  the  Ijody  becomes  (K'sJtively  eleetrified  when   it  is 

_  ith  more  than  itsqKCific  or  natural  (juimtity,  and  negatively 

«k<*UTfltJ  when  it  is  dgprived  of  a  portion  of  ita  specific  or  natural 

■    'tiy. 

< .  ii-e,  bodies  piisitiTelyclcctrifiedftre  restored  to  ct{iu|il>riuin  by /lAr/- 
11^  with  the  vxceKS,  and  bodies  ut^ativoly  cle«triQed,  by  trmvtnjr  from 
--'— nnding  bodies  enlUcienl  lo  antisfy  the  deficiency. 

hy{>utliesis  ii»  strikingly  similar  tu  that  conimuuly  accepted  in 
(-jtp)atiatiou  of  the  t'(|uilibniim  of  heat 

Oq  the  principles  of  either  of  these  hypothcaui,  it  is  impossible  to 
priKluce  one    kind  of  elt'ctriuity   witliout  the  other  simultuneonsly 
ig.    Tho  positive  and  negative  must  bo  always  co-ordlnalely 


le  term  fioid  is  calculated  to  convey  an  prronpoas  idea,  for  it  is 
|i)i>ytd  only  u.^  a  convenient  ej^pretisitin  for  an  unknown  unu»'.     In- 
of  assamiiig  the  existenoa  of  a  eepartUe  flnid  or  eifai>r,  m  a 
ium  for  liffhl,  heat,  or  majL;iietic  e)et.-tricity.  it  is  more  in  aoexnl- 
with  »ouud  philosophy  l4>  siip|to»'  that  these  separate  manifesla- 
are  only  different  functiona  of  the  one  ethereal  medium,  which 
the  entire  univi-r«L-,  und  from  whoso  convlalion«  to  the  particles 
uf  muUer,  all  physical  phenomena  proceed. 
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000.  Ti^\xxe  3.— Attraction  and  repulsion.— If  two  pith- 

biitls  bt'  siis])«?inle<l,  us  atiowu  iu  tin.-  fijjmx'.  and  Ijotii  i*hi»rgi-fl  alike,  that 
j-jo,  a.  i6>  witli  tiLhiT  jwMitireor  ot.'gaUve 

elfctricitjr,  tliey  wiil  be  luutiuUy 
repeltvd.  uf  ropregeatod  b^  tht 
dotted  \va\U  aiitl  tin'  sii;ri8  plus  mv\ 
niiiiu*.  But  if  om-  Uill  Ik-  rhurxtNl 
with  fioflidvc  and  the  other  wilb 
iu-gntive  fluid,  m  indicated,  they 
will  iiUniL-i  fach  othor. 

Thew  &itnplt>  exjK-rimvntit  show 
a  similarity  beLwLH'u  il:  i  in« 
and    tht   law  uf  /iHty-  .my 

tious  aud  repuUiunn  (11:^0). 

Ot>7-   Laws   of   eloctrical 
attraction  and  repiilsion. —  fl 
The    following    laws    have    Ijoen 
deduced  from  theory  and  confirmtd  by  expvrimf-nt :  _ 

1.  Fiuids  uf  the  same  name  rttpel  each  other,  anii  fluida  of  oppa$Ut  H 
names  attract  each  other,  ^% 

2.  The  I'nieMfiities  of  /he  aifrnetiQnx  antl  repithions  vnry  inverseli/ 

fl*  the  tqtutre  af  the  dintmiCfK  heticeen  them.  fl 

3.  7^e  ilistanceg  remaining  the  same,  the  atirartiom  an*t  repalihoiu   ™ 
are  directly  as  the  quantities  of  elect ricitiet  possessed  by  the  tnsi  iodies, 

0-5S.  Conductors  of  electricity. — Condnctors,  or  rondurtiuj; 
substances,  art'  those  wliidi  |terniti  eU-i^tncity  tu  yaAH  thmit<;h  Ihem. 

Some  hodtea,  flectriciilly  excited,  part  with  their  excitement  imatnntly, 
others  slowly,  depending  on  the  nature  uf  the  diib^tance  excited.  aiKl 
of  those  with  which  it  is  brought  in  contuot  As  bodies  diffiT  lery 
much  in  their  power  to  conduct  electricity,  they  nrv  divided  into 
classes,  CAlled  good  »iid  bad  conductors,  or  conductors  and  non-roa- 
ductora. 

Good  cotulttetora  propaf^t«  the  excitement  to  all  jiarta  uf  tb<«ir  sar^ 
fnoea  ;  and.  when  in  contact  with  the  eartli,  part  with  it  oa  (juiekly  m 
they  receivi'  it. 

Among  the  good  conductors  ure  the  following  substances,  plswd  in 
the  order  of  their  conducting  pgtrer.  The  metuls — silver  und  Cu|)fKr 
standinn;  first,  lead  and  fpiickailvtr,  last — charcoal,   plum?  ' 

hard   iinthnicite.  acids,  .saline  solutions,  wiit<jr,  snow,  li\ii._ 
flame,  smoke,  vacuum,  Ta|K>ri  of  alcohol  and  ether,  earth  and  taoin 
rocks,  etc 
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^Bad  eomiuctorn  reooiTe  nod  port  with  eteotricity  very  slowly;  conoe- 
lUy  ibcy  retain  fhw  ulectricJty  tor  a  loug  lime,  uud  obstruct  ita 
from  one  body  to  another. 
Amoug  the  hvil  noii-vonductors  are  reaios,  guou,  Iiidia-ruhhcr,  «illc. 
gUaa,  pnwiong  stodes,  spirits  of  nirpendnc,  oils,  air,  and  dry  gAsea. 

}S9,  Insulators.  —  Insulators  oru  non-conducting  substances, 
beiwoiin  bodit»  Lo  Ih*  fli-ctriliiH)  atid  tht?  (-urth  and  other  tar- 
ing lwdi»e^  to  jtrcvcut  thu  jtastuige  of  the  electricity.     A  body, 
trtrforv,  ia  said  to  be  insntated  when  it  is  supported,  and  out  off  from 
>ufiding  iNxlit'd,  by  good  nouM:unduc(oni.     Insulators  an^  usually 
K*  of  gla«a.     frutta-iwrcha  and  whalebone- rubber  are  among  the 
iDaoIatoi3  known. 

660.  The  earth  Is  the  reservoir  inio  which  all  electrical  cx- 
ttiia  arv  nrtnmed.    Tlie  air,  unlms  aaturetod  with  muisture.  itt  a 
l:>ctt>r;  hence  it  serves  lo  iusulat*;  the  varth.  which  ia  a  good 
I. 
iECvpt  for  the  Qon>conducting  properly  of  the  air,  all  eleolrical  phe- 
lena  would  liav<^  ri.>niained  invisible  and  unobservctl. 
\It  jAottld  />*•  ivpf  in  mind  ihnt  tht  earth  in  niitsiyA  negatively  gxrttM, 

'66  J.  Method  of  electrifying  bodies.— la  order  to  electrify  a 
conducting  body,  it  mu'^t  first  )m>  insuL-ttcd  from  the  earth  and  sur- 
inding  bodiea,  by  {daeing  it  upon  eomo  sort  uf  n  glass  or  other  non- 
iductiug  snpport.    Thus  supported,  it  must  1k>  nibbed  by  an  insu- 
rubber.    Cunductors  may  be  electrified  also  by  contact  and  by 

If  thr  hfidy  and  rubber  arc  not  insulated,  the  excitement  or  fluid  will 
jiaat  (q  the  t^rth  through  the  support  and  liody  of  the  operator,  as  fast 
d. 
i>ilncling  bfHlips  arr  only  electrified  by  friction, 
'he  mrthod.  of  elrctriiying  by  contact  dept^nds  upon  the  conduct!- 
ily  of  the  body.     If  a  conducting  1»dy  Up  Iminght  in  contnpl  with 
electrififd  body,  a  [Kirtiou  of  the  electricity  of  the  esciteU  bmly  flowa 
the  unexoited  body.     If  the  two  bodies  are  exactly  alike,  the  eJee- 
L:ity  will  hi*  equally  dislributcil  orer  both.     If  thuy  differ  in  «ze  or 
B,  lh*t  rh-HriiMty  will  not  be  equally  distributed. 

a  by  induction  is  performed  in  ii  manner  siiuilnr  to 
)i  ,..-^i.. .....,f^  ttodtea  by  induction,  as  will  be  hereafter  explained. 

f}63.  Electrical  tondon  in  a  condition  nl  constrained  equilib* 
1,  and  wbua  the  tluida  or  ejectricittm,  to  which  it  Id  due,  n-unitcv 
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ftti  electrical  current  is  produced  from  the  reaction  of  the  opficTOc 
fluitU,  anatogong  to  mc>chimic4il  motion  from  tlie  recoit  of  ■  rpraii- 
Tbe  «nvrgy  with  vrliich  xXwy  ruunito,  wh^u  cummitr  is  md» 

between  thorn,  ehowa  the  etat*-  o^  tension  in  n-hioli  \\vi)  u. 

AU  electriftol  bodies  nuinifest  electrical  ti!naion,  anil  attmct  oihef 
hodieK,  docomposing  their  natural  electricity,  drawing  from  (besi  t 
portion  of  tlm  upiKwitu  fluid. 

60S.  Figure  4.  —  fUeotricity  acottmulates  only  on  the 

outer  surfaces  of  bodies.— If  »  bud>-  bo,  Uowuvt-r,  Li)>n»u^u* 

P,„  4  cliargvd,  the  duid  dom  out 

]ioiiL'trat4>  the  nihxuuw  nl 

the   body;   and   if  it  bt^  t 

ifIIow    IhkIt,   it    due*   mi 

.vi'n  reside  on  the  mn-r  •-'•- 

fitce,  but  occ-DUiuUli- 

ou  the  outer  Buri'.Lf 

If  a  copper  or  itLijL-;  \\\-  ul 
sphen.',  mounted  on  b  .'i^' 
or  iDitiiliil*-*<|   !i  ■  I* 

rlectrilied.  and  i  J 

with  the  thin  htm- 
\j  and  N.  mndr  of  the  mi^ 
nu-tal.  and    pmvidt^   «>t^ 
insulating    handlua,  it  vil' 
be  fuund.  on  r^  i  'f** 

coTora,  Lhiii  iheu  urt-  cloctrififM].  and  the  aphcre  is  di.>pri>  7 

truce  of  electrical  excitement 

This  ia  due  to  the  rcpuUivo  ])fiwer  of  the  Buid  within  i"r:-^--  •*- 
eicilemi-ul  to  the  Hurface,  where  it  meets  the  non-onndut ; 
is  arrested ;  and  also  tn  the  inductive  influence  of  the  ulectnuity  of  Hif- 
roundiug  IkhUcs  and  of  the  walls  of  the  room. 

Figrura  6.— That    electrioity  accumulatea   only  on  tb« 
BUrfhoe*  ahowu  inadifffivut  way. — 'I'his  ligufL-  iv\ir\.-viV—  ■  ■     ■'- 
T,  of  nu-rjkllic  paper,  wound  aronnd  a  metallic  axii,  in 
silk  threads:   two  sets  of  pith-halts  tan-  8uii]ii'tii1t^  Kr  I 
at  the  lower  end  nf  the  rihbon.     If  the  ribbon  i«  wumm  . 
insulating  omnk,  and  the  whole  apparatna  is  I'leotrinoil,  (be  | 
divcrjjf  iMjwerAiUy.     If  the  ril>bon   is  now        ■ 
lni<ul(ttiiig  string  at  tin-  bottom,  the  pltli  ' 
finally  come  almost  in  contact    Bui  aa  the  ribbon  i»  again  wimiidiiiK 
the  haXU  direrge  lu  betbra.    Thia  may  bv  repeated  sireral  time*. 


BLECTRICITT. 

Jim  the  enrfoce  iucreaKC  the  eleciricitT  i* 
out;  as  th«  siirfnctf  is  diminished,  it 

,  c<jui>?ntratwi  and  inttiieifted;  tltns  illns- 

ug  thr  relation  of  surface  and  intengity. 

lit  is  thus  proved  that  all  the  electricity 

tth  wiiirh  u  ctindiioting  body  is  chaipxlt,  is 

bjKiHil  oil  ilfi  Hiirfacu. 

UvMcv,  a  bull  of  wood  or  pith,  covered  with 

tin-foil  or  gold-Lear,  can  nccuniQlate  on  it« 

atirfiK«  as  much  electricity  as  if  it  wu«  of 

•olid  metal.    A  hollovr  and  solid  sphere,  of 

%K  aamc  nic  and  mutorial,  will  be  char^>d 

ith  exactly  the  eairie  <|iia«lity  of  electriciU. 


a5s 


Pro.  5. 


1^.  Proof-plane. — Tlu*  proof-phmo 

instrtimi-iu  for  drfrniiining  the  rela- 

r()iiantiti<«  of  electricity  that  are  found 

tht>  diffi-n-^nt  part3  of  an  electriQed  tionductor.  It  connnts  of  a  disk 
uf^iU  |Hi|»er,  aiLached  to  tlie  end  of  an  iusiilating  rod,  aegnmliu-,  shows 
in  ihn  hand  of  Fig.  (>.  The  rod  is  held  in  the  hand,  the  disk  upptied  to 
ditfen-ut  parts  of  Uie  electrified  surface,  and  after  each  contact  it  tfl 
pn-KHted  to  the  electrical  pendulum. 


Fia.  B, 


fifi't   Figure  6.— Distribution  dependent  on  form.— Th« 
<ii  ofch-ctncity  orer  the  turtuce  of  bodir«  deiwndu  npon  their 
^im.    ii  the  body  be  a  «phere,  thi^  dtslribiiliou  U  unifonn.    If  the 
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proof-plane  be  applied  ut  diSerent  parts  of  an  excited  ulUpsoid,  like  the 
fi(fure.  it  vill  be  found  that  Uie  eleclrical  fluid  is  not  uquolly  distnb- 
uted  on  all  parts  of  the  surface.  The  maximum  is  found  »t  L,ajiii 
tlic  minimtim  at  F;  shdwtng  a  tt^ndotio;  in  electrical  exdtvmfnt  bi 
accumulate  al>out  the  extremities  uf  golida  having  unequal  aiea. 

In  cyliniLiTS,  the  uontH>iitratiurj  uf  force  occurs  nut  far  from  eiK-h  ml 
and  is  feeble  in  thu  middle,    lu  pl&tes,  the  maximum  is  near  the  idgri 

666.  The  power  of  points.— On  the  prinniplu  just  expUined, 
the  power  of  points,  iu  coucenti'atLug  electricity,  produce*  a  teujon 
Ruffieit'nt  ti^  oTercnmi"  the  reBiBtance  of  the  air,  cansing  it  to  pass  offH 
nipidly  as  it  accumulates,  to  the  nearest  bodies,  or  into  the  air,  ii  u 
electrical  brush  or  pencil,  visible  in  the  dark. 

667.  The  lo6B  of  electricity  in  excited  bodies  ia  conKani. 
chiefly  from  two  causes:  1st,  the  moisture  of  the  air;  and,  2d,  from  llie 
imporfpction  of  the  insulation,  even  irhen  the  best  insuhitore  are 
employed. 

IttnnCTIOK    07    BLECTBICITT. 

66 S.  Pigiire  7.— Bodies  electrified  by  induction.— EUi 
priiuf  iMmliK^lor  of  an  ilerlrical  niiwhiuf ;  NAF.  a  niriullii^  cyUwl*ft 
insulated  liy  a  rod  or  support  of  glass,  baviug  several  pairs  of  pitb-boIU 
attached  to  ita  lower  surface. 

Flo.  7. 


i  P  +1 


If  the  prime  conductor  be  charged  with  positive  electricity,  »^ 
placed  within  a  few  inches  of  the  cylinder,  the  pilh-balU  n<-ar  lltf  coo- 
duoioT.  K.  will  be  aitracted  and  se|ianited ;  those  at  the  oppoaiu;  vs^ 
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[ill  be  repelled  and  aeporatod ;  vhile  thoee  in  the  centTAl  part  will  not 
tvpcll«d.  attmcUHl,  or  (H-purutt^il.    If  the  prime  conductor  tw  re- 
>Tcd,  Uio  clectrowopes,  or  balls,  will  cease  to  iudicate  any  exciUt- 
!)nU 

Tb«  cxplatiation  of  these  tmU  i«,  that  tlie  m^utml  fluid  of  Ihc  cjlin- 
liiu  been  docotnpnacd  by  tlu-  tnfluonnv  uf  the  primi'  roiidnrtor:  tb« 
[isitiTc  (  +  )  fluid  hi'ing  reiielled  to  P,  and  the  negative  (  — )  fluid  at- 
Imc-ted  to  N.  while  at  the  eentrul  |iart,  A.  a  neatral  jNijnt  is  ftjund. 
^'hen  Uie  primi*  conductor,  the  disturbing  cause,  u  ruuiored,  the  two 
vtricitiee  of  NAP  unite  aguin,  leaving  the  cylinder  entirely  panive; 
bowing  Uiat  none  of  the  electric  Huid  \a  tran6rern>d  from  the  prime 
idnctor  to  the  cylinder. 
Bodiei  thus  iiffect«d  are  said  to  be  elettrtjied  by  induftinn. 

H60.  Figure  8.— The  two  fluids  sepaxated  and  obtained 

tty  Induction.— Lot  thn.-c  insulated  cylinders  l>e  plw^ed  in  a  n>w,and 
tontact,  lis  shown  in  the  flgnre ;  approach  the  positively  electrified 
conductor,  E,  toward  the  cylindt*r,  N.    Uy  induction  (668),  the 

Pie.  a 


tntnO  electricity  of  the  three  cylindera  will  be  decomposed ;  the  nega- 

re  {—)  being  attracted  to  and  Hccumnhited  in  N,  and  the  positive 

oiled  to  and  uccamulatod  in  P.     Wliilst  in  this  condition,  re- 

the  cylinders,  P  and  N%  at  a  distance  frnm  K.  and  fn>m  each 

liiT.    Tlif  sepaniU-d  electricities  will  thus  be  kept  from  uniting:  and, 

|>nn   lofting.  N^  will  he  found  nrffativply,  and  P  ponitively,  electrified, 

indicaU'd  by  the  tigae  plus  and  minus, 

By  these  principlea  of  induction  a  great  variety  of  electrical  pheno- 
L>na  are  euiily  explained. 

The  laws  of  electrical  induction  are  thus  stated  : 
IfL  .i  hodi/  rltffriioJ  by  induction,  posntngts  tiomore  elet'tririly  than 
btfort, 
Sd.  If  a  ftinduetar,  elfrlrixfdhy  induction,  t«  touchfd,  ar  madr  t*i  rom- 
IffflKu/e  ret'M  tkf  tarth  tu  tiny  }Hirt  af  itt  nurfac*^  U  partu  mth  afnir- 
iU  el-  'ilwityn  cif  thf  Mimt  »muf  ititk  the  eifctri/ytnp 

\mad  it  flL: .ijtuid  of  the  opyotite  uame. 
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670.  Figure  9.— DielectricB.~Explanation  of  indoctiaiL 
— iDductioii  Luktfti  pl»ue  tvt  u  ilistaiice  by  poluriziag  the  iiiul<^ci)l»<>( 
tlie  interveiiniK  iwn-cytnluctor.  Bi-cuuse  Kir.  ami  ollu'r  nou-cnnducwn, 
permit  thepiwsagy  of  electrical  influence  in  this  manner,  they  are  calW 
dielectric^,  m  distinction  from  electrics. 

Therefore,  in  the  abore  cKperltnents  (668-9),  the  diiilnrhunoe  uf  Uk 
nutural  t-U^ctric  ntute  of  the  cylinders  is  not  productid  by  acu«mat* 
diAtance.     It  takes  place  through  the  medium  of  the  interveuiug  lur  l> 

Via.  It. 
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dielectrie).    Thtis.  if  V  (Pig.  9)  l>e  thf  prime  conductor,  ntid  X  tfc 
cylinder,  let  the  anaall  circles  between  them  represent  mnlecnles  of  air 
(or  any  other  inten-ening  dielectrie  medium),  and  they  will  all  bt 
polarized,  m  it  U  termed,  hfiviiig  their  negiitive  (  — )  luirts  orpdlii 
turned  ttjwiird  the  iwsitively  cxciU-il  txidy  P.  and  their  pcisitive  (+) 
parts  or  poles  lownrd  the  cylinder  N.  whieii  will  attract  the  ne^n 
(  — )  fluid  of  the  cyliuder  tu  tlii!  eiiii  ueare&t  to  the  positive  {  +  )  prinf 
conductor. 

Dielectrics  diflbr  in  their  specific  inductive  CA])iicity.  If  nir  (Ike 
lowest)  be  1,  the  following  will  stand  thus:  air,  1 ;  rcain,  1.77:  pilcli. 
1.80;  wtLX,  1.86;  glass,  I.&O ;  sulphur,  1.03;  eliell&c,  1.95. 

G71.  Attraction  and  repulsion  of  light  bodies  (''•51)  can 
be  accounted  for  ouly  hy  the  lawtiof  indueiion.a^  iilmvc  explained  (^S> 
6C9,  (>70).  The  excited  glass  or  resin  decomposes  the  ueutnl  (!<-<■ 
trieity  of  the  bits  of  pajHT  or  pith-ballH,  repelling  the  electricity  of  tkf 
same  name,  which  leaves  them  with  an  opposite  cxcitenn-nt  I"  'li* 
glass  or  reaiu,  and,  tbtfrefore,  they  become  uttmcted  to  the  eleCtnM 
body. 

£lectromet«rs. 

67^.  Electrometers.— The  eleetroacopc.  previously  deecribed 
(653).  si'rves  only  to  inilieati'  Ihe  i)resence  and  name  of  the  electricity, 
but  not  the  quantity.  Klectrometera  are  meusares  of  electric  force  Of 
intensity,  and  depend  u])on  the  principle,  that  like  kinds  of  electncitjF 
repel  and  opposite  kinds  attract. 

The  two  corks  or  pith-halls,  suspended  by  linen  threads  (6&0)  are 
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10  of  \hv  most  simpla  wf  tbeee  coutrivances-    The  di«taoce  to  vhich 
th«y  will  4liv«rg9  ii  a  rough  mconire  of  the  inte&ai^  of  the  eleetrio 

Fi«.  10. 

AT-J*  Figure  10.— The  quadrant  electrozn- 

|ter  ci>iiii:ittt  of  II  sIcimUt  st<-ii)  ur  suiifKirt  ut'  bakt^l 
to  which  is  fiflijceU  u  sfrraicircnlar  pitice  of 
fc»r>',  froih  thu  ceiilrv  uf  which  bftngs  a  pith-ball,  on 
[iitnall  arm  of  whnleht^iif,  i\n  nhnvn. 

If  this  instrumont  ia  placed  on  the  prime  conduc- 
tor (C78^,  or  otht-r  eloctrifipil  Iwdy.  the  sU-m  partici- 
kting  in  thf  i-hetricity,  and  repelling  tho  pith-ball, 
indtbated  bv  the  iirrow,  the  imiouni  of  ivpuUiou 
*y  b«  r«ad  off  tin  Uiu  graduated  SL-micircle.    The 
imbcr  ()f  degre^-a  do  not  express  tliK  true  eh'ctrical 
Iteojtity;  and  wltat<>ver  mav  b«  the  intcnsitj,  the  ball 
mut  be  Rpcllcd  beyond  00^ 

'^7^.— Piffai*o  11.— The  g-old-leaf  eldctrometer  i-<>iiM!<ri'  of 

|U-I)-jar.  pn:»vi(li<l  uilb  u  tr.piwr  rml.  pa,<siii^'  ibnttigh  a  cork,  ti-mii- 
aeA  vith  a  coppiT  ktiob,  T,  ai  Ft<i.  1 1. 

tup,  oud    sustaining    two 
ipt    of   gi.<ld-leaf,   K,  placed 

lo  face. 

If  tin-  knol>,  T,  Iw  electrized, 

gold>lcu<rea  divrrgc,  and  the 

[tent     of     tlieir     diviTgcnce, 

kra^nmt  on   a  graduated  ar<\ 

re*  to  show  the  iiitensily  nf 

f  U-ttriciir.     Two  ittriiia  of 

i-foil,  I>.  are   pndtpd    to   the 

Mdr  of  the  jar  to  dii'cliargv 

|c  diverging  loives,  whLMi  tii^y 

H'pi'llcd  eo  aa  to  ivacli  the 

to  prvvcnt  the  irisidc  of 

jar  from  becoming  eleclri- 

induetion ;  otherwiw  ilie  appariitus  would  he  viaelew.    To  avoid 
tMii,  the  air  within  \&  dried  by  i)niek  lime,  and  thi--  top  of  ih<'  j^r 
id  vncV.  are  «uiU>d  with  an  insulating  varnish,  ntuile  of  H-aling-wax 
PtMiMlvnl  in  aleohiil. 
Invtvod  or  (b<-  goliI-luBTM,  straws  and  pith-t>u)U  nn*  Mniti<-titiii-v  •'HI- 


r' 


iivurftwnt  of  eWlricity  it  re»iiiirud,  the  iomivH 
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67o.  Method  of  using  the  grold-leaf  electrometer  (Pi^ 
11). — If  the  negHtirel;  electrized  rod,  in  the  Imnd,  bebronght  ntnr  Uie 
knob.  T,  it  will,  liy  induction,  attnict  the  positive  fluid,  uiid  a-pcl  the 
uegativL^  tu  the  gold-leaves,  and  diverge  tliom,  as  iiidicaud  by  Lhc  Bigns 
plu«  aud  miuuiN  und  by  the  position  uf  the  leaves. 

It  now,  the  linger  be  applied  to  the  knob,  T,  the  positive  fiuid 
paaaet  off,  throngh  the  body,  to  the  earth  ;  bat,  on  withdrawing  ike 
finger,  the  leaved  diverge  under  the  influence  of  the  iieg^v«  Said 
remaining  in  the  appanitns. 

If  the  rod  were  positively  electrified  the  leaves  would  reodre  tlw 
positive  fluid;  yet,  on  applying  the  finger  to  the  knob,  the  poeitiTe 
fluid  pugged  ofl!*  iM  the  eurth  aud  the  negative  remains. 

To  ascertain  the  kind  of  electricity  in  a  body,  proceed,  as  jolt  a- 
plained,  to  charge  the  k-aves  with  negative  fluid,  then  approach  th* 
body  Ui  be  teated,  to  the  knob.  If  the  body  is  Mfyo/iVrfy  electrified, lh« 
leaves  will  be  still  further  sc-paiuted ;  if  po»itiv€ly  electrified,  the  leafH 
will  be  drawn  together. 


Fi«    13. 


RLXCTKICAL    MACBinES. 

076.  Fi8:urG«  12  and  13.— The  electrophoros.— Ad  eke- 

trieiil  maehiiie  is  any  apparatus  by  whicU  elcclrieity  may  be  generated, 
aud  electrical  phenumeua  ubluined  at  pleasure. 
The  titttrophorut,  or  i-arrier  of  electricity,  is  the  aitnplest  of  allio6 

devices.  It  consists  of  a  calv  of 
ratlin,  or  disk  of  whalebone  lodit- 
rubber,  W,  eight  or  ten  incbeiiB 
diameter,  and  a  wooden  pUu.^ 
covered  with  tin-foil,  and  pre- 
t  ided  with  an  insulating  handle 
of  glass. 

To  use  this  iuetrument,  '&n\ 
excite  the  resinous  cAke  by  vig- 
uruusly  rubbing  it  with  cat's  fu""" 
warm  flannel,  which  deieJopw 
iiif^tive  electricity  to  the  nsi"' 
Then  apply  the  diak,  S,  to  th* 
resin,  as  ahown  in  Fig.  12,  hold- 
ing it  by  the  handle.  The  cak*" 
of  n>sin  AC\i  upon  the  disk  by  iuducttou,  drawing  ita  poajtive  fluid  l*>^ 
the  tin<foil  on  the  lower  face,  and  repelling  iu  negative  fluid  ioi)><' 
foil  on  its  upper  fao-.  Nnw.tnnph  the  finger,  as  shown  (FHg.  14).  W 
the  up|wr  face,  in  onler  to  hIIuw  the  ni'^tire  fluid  to  escape  into  tlie 
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common  rpaerroir  (the  earth,  C«0).  If  Uie  dUk  now  It-  mU«l  by  its 
luuidJo  Ooni  the  resinotia  cnkc,  and  touchiM)  vith  the  kuuckl«.  lu 
•faowD  in  Fig.  l.S.ttBpark  will  Fin    i» 

inas.  which  \»  due  to  the 
negKtiTe  viectricity  passing 
rh>m  the  body  or  xhv  experi- 
menter tu  the  poeitively  clcc- 
triti^  yUXf, 

If  iht-  iiir  Is  diy  the  disk 
can  be  aiipliml  to  the  resinoua 
cake,  and  I  he  gjisrk  cTolvcd 
ai'vurttl  tiniea  without  fUrthcr 
ru  biting. 

If  the  plate  b«  \titl  in  tv\>c\9^ 
on  thf  n-«in.  thf  appanitns 
will  remain  charged  even  for 

wwk«-     And  the  L«vden  jar     

mnv  hr  charged  with  the  iualniment  at  any  time. 

If  iho  disk,  S.  were  raised  from  tin*  reeinons  cake,  W,  without  apply- 
tng  the  tingcr,  u  represented  in  Fig.  12.  it  would  maniftwt  no  i'I»HrtricaI 
eicitcment ;  the  two  flnidj  reuniting,  an  in  the  imulat*^  conductor  (U68). 

The  plii'nomonn  involved  in  the  electrophorua  are  in  accordance  with 
the  Uticg  of  induction  (6CD), 

Fio.  14. 


G77.  Figure  14.— The  cylinder  electrical  machine.— To 

■  .iiriiitit!.  ^    .if  p  I.'.trifiiv  iliiui  i*iiii   I'r  Piii'i'licti  liy  meana 
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ulrcady  UcscribeJ.  machiacB  or  vurioiis  sizes  and  forms  arv  mo^o.  U»i< 
ever  i\wiv  iiiaydifTor.  tluTL*  are  ut  k-ftsl  tlirve  essviitiul  parts,  viz.:  ltt,| 
tioH'COMiltirfor,  usually  made  of  plnas,  and  revolved  on  sn  aris,  to  pro- 
duce IViotion  ;  2d,  a  rubber  to  press  on  the  conductor,  made  of  Kuot 
itoft.  elojttic,  nnii-couductiug  body,  M  a  cushion  of  loather,  pecnluri; 
|iii.-|mitHl ;  •{(!,  oundurUiN  (one  or  twd)  insulated  with  gloss  bui^otul 
to  ivcetve  the  electricity  as  it  ia  generated. 

Th«  liguiv  rt'pruBeuts  au  end  view  oF  the  effh'mler eleclvicai  inathiiw. 
A  ii  the  vylinder  of  glaii»,  which  may  bu  frum  Bii  uiches  tu  two  ftTlill 
diameter,  and  ohm  and  a  half  to  twice  ii%  diameter  in  length,  rt-vuhti. 
Uy  means  of  a.  winch,  between  two  upright  aupporta  of  wood,  ilrieilflwi 
varnished.  H  is  the  pwAA^r.somewhatBliorterthan  the  (;ylinder,maiJflo( 
woiid  aud  covered  with  leather,  under  which  arc!  eeveral  ihicknefeaeeof 
tlanne],  and  covered,  overall,  with  hUlck  silk.  The  face  and  lower  Eidi!  of 
I  lie  rnlihirr  are  aUo  coatt^ultli  au  amiiltjam,  cnnipoiied  of  4  pa^UIll«^ 
cury,  8  zinc,  and '^  tin,  niiXL'd  with  some  unctuous  Mibstance^  I^  is  the 
]iyiiH«  romiuctor,  \>\&Ci:i\  up|Ktaite  to  the  rublxT,  and  consist*  of  a  hol- 
low cylinder  of  hnis.^  or  wood,  covered  with  tin-foil,  supimrtetl  upoui 
glass  rud.  On  the  aide  neit  the  ghisg  it.  ta  furnished  with  poini*  L 
rifiirly  touching  the  cylinder.  A.  which  draw  off  the  eleclriciiy  frum 
excited  glass  to  the  prinio  conductor  (GtJG). 

To  atiaist  in  pr^>ventiug  the  escape  of  the  fluid,  an  apron  ofhUck 
extends  from  the  ruljljer  uver  to  the  points,  L.  The  prime  condm 
should  be  made  as  smooth  as  poitsihle- 

Firt   IS  The    rubber    \a    aomdi 

mounted    upon    an    iii^ithttd 
conductor,  for  the  purpose 
developing  uegativeeletLrici 
The  iiir  inclosed  in  thecyl 
der  should  be  free  of  nioiginre> 

The  arrow,  S,  repreacnls 
direction  in  which  the  cyli 
is  turned,  and  the  flow  of 
fluid,   which   takes  place, 
L-ounse.  under  the  ailk  np; 
T  ta  a  small  sphere  atlac 
to  the  prime  c^mducior,  fhjn 
which  the  fluid  ts  dram 
performing  experiments. 


firs.  Figrure  16. -The 
plate  electrical  machine. 

— lu  this  muchiuu  a  larsu  oit* 
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tur  plat«  of  gloss  is  substituted  for  the  cylinder,  and  ia  usually  f\ir- 
3bpd  vith  four  rubbers,  twu  of  which,  TT,  aru  ehuvrii,  lield  in  suitable 
'htKuiiif.;  clani[»s.  The  plute  is  revolved  between  these  rubln-rti  by 
ming  the  winch.  Kxtvndiug  from  tliv  rubbers  are  silk  aprons,  SS; 
'are  points  for  collecting  the  fluid  uud  oonveyiag  it  t«  the  prime 
uductor,  P,  which  is  supported  by  the  gbiss  r«l.  A.  F  is  au  elec- 
jmeter.  The  arrow  indicates  the  direction  in  which  the-  plate  is 
rolvc-d. 

These  machines  are  variously  motlified.  and  some  ani  mmle  with  two 
ites.  One,  at  least,  boa  lioen  made  with  double  plates  »ix  feet  in 
uneter. 

670.  Use  of  the  electrical  machines.— Wlien  the  plate  is 
rolved,  the  frictiun  clrvf!t>|H'«  a  great  niiaiitUy  of  ]K>sitive  tfleclricity 
the  gloss,  whilst  the  negntive  fluid  goes  to  the  rubbers  mid  is  con- 
ned, through  thu  fraraf^,  to  tfae  common  reservoir,  the  earth,  and  so 
np[>eui'B.  The  ueutnil  fluid  on  the  coiiduclors.  or  prime  t'oiuluctor, 
deooniptised ;  the  negative  lluiil  llnws  tlintiigli  the  |H)inU  lo  tlii.-  gliua 
ite,  tending  to  neutralize  the  positive  fluid  on  the  plate.  The  uou- 
ctors  thus  lose  their  negative  electricity  and  Iiecome  charged  with 
iKiYi'iv  fluid. 

The  prime  conductor  docs  not  acquire  positive  electricity  from  the 
He,  but  gives  to  the  pUtte  Us  neffatire  Jtuid,  thus  becoming  itself 
i*i7i'jv. 

If  a  metallic  point  be  held  at  some  distance  from  a  positively  charged 
imo  conductor,  the  electrometer,  F  (Fig.  15),  begins  to  fall,  showing 
loss  of  electricity.  But  the  jnoint  does  mit  draw  off  the  positive  elec- 
city  from  the  conductor,  but  gives  to  th(!  conduclnr  negative  vK-ctri- 
7.  which,  uniting  with  the  p*Mitive  fluid,  neutralizes  it 
To  produce  mgative  electricity,  the  machine  is  insulated  with  gUaa 
pports,  and  the  prime  conductor  connected  with  the  earth  by  a  nie- 
llic  chain.  Thu  oliaiu  permits  the  positive  llnid  to  est^jie  from  the 
imo  conductor,  whilst  the  negative  electricity,  buing  unable  to  cscaj>e, 
ctunulates  ui>oa  the  cushions  and  frame  of  the  machine. 


G80.  Measure  of  the  quantity  of  electricity  in  the  ma- 
line. — Tiie  dfgree  to  which  tin.-  mtichin**  im  charged  may  in.-  shown 
■  placing  a  qnudrant  electrometer  ('373)  u^wn  the  prime  iMinduotor, 
seen  at  F,  Fig.  15.  When  the  machine  is  in  operation,  the  ball  rises 
ung  the  quadmnt,  and,  by  its  divergence  fVom  the  vertical  line,  iniH- 
tes  the  quantity  of  electricity  developed. 

Only  a  certain  amount  of  the  fluid  can  lie  retjiined  on  the  prime 
luctor.    After  this  quantity  is  accumulated,  if  the  plate  is  turned. 
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ihe  tension  bcoonie^  bo  great,  it  eecupuB  through  tbe  air,  autl  jilwig  ilie 
glass  supports  of  the  niiichinc. 

681,  Precautions  in  using  the  machines. — A  dry  wii]t«T-tir 
is  begt  for  wurkJu^i;  an  tlccu-icul  uiavhiue;  auU  au  apartmeut  Ixnted 
by  dry  fnrnaee-uir  is  very  favorable. 

In  a  damp  day  etectricftl  cx{>crinicnt«  arc  seldom  perfonned  ridi 
success. 

In  carpeted  rooms  it  is  better  to  connect  the  rubbers  with  i  gg»- 
flxtur?,  to  secure  a  good  oomtnuoication  with  tbe  oomtnoa  rvsenw, 
the  earth.  The  uuichiue  should  not  island  near  the  walU  of  the  room, 
or  Huy  angular  body.  The  gla«s  cohimua  sboult)  be  coated  with  tn 
insulating  varnish  (674),  to  prevent  the  deposition  of  moisture. 

682.  Figure  16.— The  hydro-eloctric  machine.— For  fll^ 
nishing  electricity,  the  hydro-electric  machine  is  superior  to  any  »Uiw 

described.  This  is  an  apparatus  for  d^ 
veloping  electricity  from  high  sti«in.  It 
oonsists  of  an  insulated  eti-am-boile:, 
about  three  feet  long  and  twenty  Uichet 
diameter,  sufficiently  strong  to  subUid  t 
preflBure  of  200  lbs.  to  the  inch,  from 
which  comes  the  steam-pipe,  S,  in  tk 
drawing.  T  is  a  box,  containing  a  little 
wattr,  through  which  the  su-am  pssfci. 
in  its  i«iaaage  from  the  ateam-pipe,  S,  t<i 
tbe  wooden  jets,  L.  In  tfaew  jets  then  it 
A  6ort  of  interrupted  passage  to  pro^oM 
friction.  The  vapor  escapes  againrt  a 
number  of  metallic  points  in  the  fnsM 
above,  which  collect  the  olectricitr,  »ai 
communicate  with  the  insulated  brut 
ball.H. 

The  evohition  of  electricity  is  dne  t» 
friciioti  between  the  particlefl  of  wster 
(not  steam)  and  the  Bides  of  the  dii»chaii^ 
apertures :  the  water  being  supplied  by  a  small  quantity  in  the  bos^T, 
thmngh  which  the  »t«un  must  pass,  thereby  becoming  partially  cot)' 
dvnoed.  Steam  is  mendy  Uie  vehicle  and  power  by  which  the  veeiok« 
of  water  are  expelled. 

The  boiler  is  negative,  and  positive  electricity  is  collected  at  H,  u 
indicated  bv  the  signs  plus  and  minus. 
Such  an  apparutud  will  develops  in  a  given  time,  as  much  electricity 
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four  pluU'  miu'binee,  forty  inches  in  diunetci;  Terolring  dxty  tinioA 
miaiitc. 

TIiv  iliptvivt'ry  orplectricity  doTelopod  by  Btesm  ww  accidpnlfll-    An 
iginet-i'.  rtidfuvuriu^'  to  OfiiK>rtt  :l  li'uk  iu  a  steam-boiler,  nberrvi-d  t-U-c- 
ica)  phcDuinena.  which  subecttucuU}'  led  to  a  scieaiitic  examination 
it  Ihv  subject,  and  the  prudactiou  uf  the  above  described  upiiaralua. 

CSS.  Other  sources  of  electrical  excitement.— 1.  Bands 

briu  of  lealber,  Iiidiik-rubber,  or  ^ittii-jx^nTba.  ii^-d  to  drive  iiia- 
linerT,  often  becomt?  powerful  eourcce  of  n'sinuua  rli-ctricul  t-xcitc- 
leni,  giving  sparlu  of  ni-gative  elLTtricity  twenty  or  mont  inchefl  in 

a.  Nogative  electrical  excitement  may  be  developed  by  briakly  rob- 
ing thr  fti-t,  with  shoes  on,  around  im  a  wooirn  carpet,  in  roonu 
rau-d  with   hot-air  furnaces:   the  person  performing  the  operation 
Hog  the  tJectrii>al  machine,  prime  conductor,  and  all.    A  {vrsoii  thus 
rixed,  may  light  the  gas  by  a  siNirk  from  Uk'  fin^^T,  and  give  a 
to  another  jwr^uu.    Tliia  experiment  is  most  succedfifulty  per- 
formed when  the  wind  is  northwest. 


Bxperiment*  Xnustratin^  E]*etrieal  Attractioiw  and  R«painon«. 

684-  Th«  Influlatinu  stool.— Electrical  spark. —Electrical 

shock.  —  Many  tudtniiitvi-  and  iiniusinir  o.vixTinitiil.')  nmy  In-  inudi' 
with  an  elet'lriml  machine,  illastrating  the  luwa  of  electrical  attrac> 
tions  and  repulsions.     Limited  Kpuee  wilt  admit  of  only  a  few. 

Tfrn  itifulatinfj  or  eli'rtrintl  xlml  is   noibiuj^  more  than   a  eJmple 
ich,  pripvidcd  with  glass  fevt  or  legs,  and  euffieienlly  strong  to  su*- 
ibe  weight  of  a  person-     A  piece  of  board  resting  on   foor  gln«8 
»uIm  or  strong  tinublen)  answerri  every  purpose. 
Ah  tUfirirat  fpark  is  a  brilliant  flash  of  light  which  iwiwjes  when  a 
idoclA'r  approacheji  a  higiily  clectriOed  body.     For  example,  if  (he 
kltvr,  wbidi  is  a  conductor,  is  held  near  to  a  charged  prime  coodnctur 
tl  machine,  the  [to^itive  fltiid.actingat  adiytaMceby  induc- 
■  ]•-  positive  tluid  of  the  band  to  the  earth,  and  the  body  of 
experimenter  becomes  negatively  eleolrified.    When  the  teuoiou  of 
ve  fluid  r>f  the  machine  and   the  negative  dnid  of  the  body 
tilt-  rt-siiitotu'e  of  the  air.  tboy  rush  together  with  a  sbarfi 
and  a  hriglit  light,  which  constituti'S  the  itpark.    If  the  electrical 
^ne  is  fulltrif-ntly  pnwi-rful,  tlit-  ei»rks  take  a  xig-zag  course,  like 
ling,  fhown  by  Fig.  :ifi  (700). 
Th^  rf/rtncfil  nhoci  is  the  seiuaUon  cx|M.'rivnced  by  the  peram  who 
i1  spark. 
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685.  Figxire  17.— Electrical  puppets  conBisturUttlu  Hgan^ 
inud«  of  L-urk,  pith,  or  kiiiii-  giiuilur  ^ubetunce,  which  oi-e  mHile  totUon 
Vu:    IT  In  nn-an*  of  vlfftrical  iittnictiomnil 

re}Hil8ioii.  ThL'Stf  are  plac«<i  hetwwD 
two  tneUUic  plat««,  lu  chomi ;  tk 
lower  one  being  connected  irith  the 
L-iirlh,  and  the  upper  one  Sii8peiitl(d 
to  an  arm  of  the  prime  ixtnduMor. 

When  the  tnochine  i«  tnnied,  Uie 
upj>er  phit«,  becumiiig  electrifiid.  it- 
tracts  the  images  to  it ;  th««e,  b^ 
coming  charged  with  powtiTC  fini^ 
lire  immediately  repelled  to  the  lowtf 
plate,  where  they  lose  this  fluid,  mil 
are  again  attracted  to  the  \\\ys 
plate ;  and  ao  on,  dancing  up  ud 
lownasluiigastlie  mHchiiiuistiini'^ 
iliis  is  but  the  same  operation  illni- 
trated,  in  a  simple  way,  by  F^  1 
(Ml). 

GS6.  Figure  18.- The  electrical  chime  signifies  the  ringmg 
of  Ix-IU  liy  nieuu;j  of  electrical  uttructiuuij  aud  rtpuUious. 

AttticlttHl  to  an  ami  of  tli<'  prime  conductor  \a  a  horizontal  bar,  Ihn 
h'ro   i<4  which  IB  suspended  three  bettfl iwl 

iwn  metallic  bolls^  hr  ahown  in  the 
dgurc.  The  outer  bells,  K  and  I', 
are  suspended  by  metallic  chaioKX 
wires,  and  the  middle  one,  L,  liy  ■ 
non-conducting  substance,  asxilk 
cord ;  the  middle  bell  is  also  «ui- 
nected  with  the  earth  by  a  loMallic 
chain. 

By  turning  the  machine,  thebelB. 
E  and  F,  beci>ming  positively  tleo 
triGed  by  the  prime  oonduct*pf,  <*■ 
tract  the  balls,  whicli,  hecooiBg 
poi;itivelyelectrilie<1,are  immediale*? 
repelled :  and.  striking  against  ibf 
middle  bell,  U  they  part  with  tlwti 
charge,  and  are  again  attntcted  bf 
the  outer  bells  and  again  re|*e)l<^ 
This  alieniatf  uiinictidu  aud  lepuUiou  kevju  the  belb  ringing  as  long 
as  the  plute  is  turned. 
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687.  Figrrire  19.— The  electrical  wheel  toneisi*  vf  four  or 

more  pointed  arms,  bent  m  right  anplcii  at  tlu-  ■•ikL*.  iithI  cntmectcil  at 
Ok*  Lviitiv  to  u  tinutl  «ip,  wliiiili  is  (Vl-l-  to  yxg.  is. 

Jotate  on  a  pivot  in  ii  liorlxontal  piano. 
■7h6   wlieel   it!  sustuinetl   by  a  metallic 
lupportf  set  upon  au  itmi  uf  tht'  priiuu  cud- 
ductop,  M  ehuwn  iu  tbe  figure. 

When  the  machine  18  iu  operation,  thn 
wheel  liecomes  electrified,  iind  revolver 
The  tension  or  the  flectricity  »t  the  poititji 
cuaees  Die  fluid  to  ceeupe.  which  ch-ubcs  tlic 
vhecl  to  rcvolvt"  by  the  reaction  of  the 
electricity  on  the  uir.  The  wheel  will  not  i-evulve  iu  a  vucuiim,  though 
the  fluid  e8ca|)e8  the  same;  which  shows  that-,  out  of  the  vacuum,  its 
>tion  is  due  to  the  resistance  of  the  iiir  which  causes  the  reaction. 
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0S8.  Pigure  20.— The  electrical  blow-pipe.— ff  a  jwinted 
metullie   rod.  with  tho  point  standing  horizouuil,   be  plmx-d  on    the 

prime  oondnctor,L,  and  —^  „ 

Ibe    electrieal    iniK;hine 

put  in  operation,  the  ei!> 

cape  of  electricity  from 

the  ]K>int  will  creiite  a 

current  of  air,  which  is 

rendered  sc-nsible  to  the 

eye  by  plating  the  flume 
of  a  baming  candle  Iwfore  the  jtoint,  a^  n-prusenu-d 
in  the  figure.  Thecurrtftit  froman  active machiiui 
11  cTcu  extinguish  the  llame. 

X9.  Figure  31.— The  electrical  e^g  is 

■^g-sliiiIH-'d  ligiil,  prmluced  i>y  a  (Uiw  of  citcrri- 
ciLy  through  a  vacitiim. 

Tlie  appunitus  for  exhibiting  thiH  light  eonsigts 
of  a  hollow  globe  or  oval  of  glaes,  containing  two 
aniall  «pheiv«  of  metal,  F  and  U,  at  some  distauce 
npnrt.  The  upper  one  isconnr-otC'd  with  the  prime 
conductor  by  the  rod,  T,  and  th**  lower  one  commnnieaK^s  with  the 
«urth.     At  the  Iwttom  of  the  glaes  is  attached  a  pipe  (provided  with  a 

flp-cock,  K)  by  which  the  globe  h  attached  to  tht^  air  pump. 
Having  exhausted  the  air  and  closed  the  utop-cock.  if  Ibe  itittcbine 
be  turned,  a  flow  of  electricity  will  lake  place  fi-oju  the  prime  conductor 
the  earth.     In  puling  from  the  ball  F  ty  (be  Wll  H,  thvR'  it!  no  ob- 
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struction.  If  the  experiment  is  made  in  the  dark,  a  beautifiil  Tiolet- 
colored  light,  of  an  oval  form,  will  be  seen  between  the  balls,  as  showa 
in  the  figure. 

The  rarer  the  air  within  the  glass,  the  more  globular  will  be  tlie 
form  of  the  light 

ACCUHULATION    OP    BLBCTBICITT. 

690.  Latent  or  diagniBed  electricity.— When  two  equal  and 
insulated  conductors,  as  metallic  plates,  are  separated  from  each  other  bj 
only  a  thin  plate  of  glass,  or  other  dielectric  substance,  and  then 
equally  excited  by  the  two  opposite  electricities,  no  evidences  whatever 
of  any  electrical  excitement  are  communicated  by  either  plate  to  an 
electroscope  connected  with  them.  The  glass,  or  dielectric,  prevenla 
the  union  of  the  opposite  fluids,  but  does  not  prevent  their  indnctiTe 
action  (670),  whereby  their  presence  is  entirely  masked  to  surronndiog 
bodies. 

By  removing  the  plates  to  some  distance  from  each  other,  tiie  free 
electricity  of  each  becomes  manifest  by  its  effect  on  the  electroscope. 
If  they  be  again  brought  together,  with  the  dielectric  still  between 
them,  this  evidence  of  excitement  again  disappears;  and  so  on,  until, 
finally,  the  imperfect  insulation  of  the  air  allows  the  free  electrici^  to 
become  neutraliied. 

The  two  fluids  thus  situated  are  said  to  be /a/«f>/  or  d%tguiui,ot 
paralyied  by  their  mutual  attraction. 

691.  The  eleotrlcml  oondenaer.— An  electrical  condenser  is 
an  apparatus  empK\^vd  for  the  accumulation  of  electricity. 

Condensv'rs  are  various  in  form,  but  in  principle  they  are  all  essen- 
tially tht<  i«me,  being  compog«d  of  two  coodaetors  separated  by  an  in- 
sulator, and  depond  upim  the  principle  above  explained  (690),  of  panir- 
lyiing  tho  two  fluids,  or  rendering  them  lateut. 

Tho  Uevden  jar  is  the  mi>$t  ci«umon  of  all  the  condensers. 

69:^.  Figure  flS.— The  Iieyden  Jftr.— This  valuable  piece  of 
apt>^ratus,  naiuf^l  fW>m  the  city  when  it  was  invented,  was  first  dis- 
tMvontl   by  mvidont.  k>ng  before  its  principle  of  action  was  under- 

St^KXl. 

In  itis  imprvAwl  fonu  it  wnsistsof  abottle  or  jar  of  thin  glass,  coated 
nearly  to  (he  io|\  on  the  inside  and  outside,  with  tin-fcHl ;  or,  instead 
of  *\viiti«jr  It  on  iho  tusi\K\  it  is  better  to  fill  it  neariv  fnll  of  loose  tiu- 
fv»il.  or  A^iue  other  Kh>«-  metallic  substance,  as  shown  in  the  figure. 
A  luetaltiv  rvnl.  |>a«mu$  (hi\>u^  the  eort,  or  non-conducting  cover, 
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rearfiM  into  the  metallic  lilling;  or.  if 
ttie  jiu-  ho  ooatetl  inaidi;,  it  tertninati'd 
with  iL  metallic  chain,  the  lower  end  of 
Jirhit'h  rdls  ou  the  bottom  of  the  jar. 
'tu'  rwi  iLTOiiniitea  cxternully  with  a 
enull  aphcre  of  nieUl,  IC,  called  the 
bvtUm. 

Ttits  is  ft  condenser  in  which  the 

jflusof  the  jar  scrres  as  the  insulator 

"■or  dielectric  medianit  whilst  the  me- 

t»llic  Kiilicttuticei),  within  and  wilhont, 

oon¥ii|)und  to  the  two  plates,  previoasly 

lueutiuni-d  (IjW). 

The  discliargur,  N,  will  be  explained 
hereufter. 


Pin    W. 


69S.  Figure  23.— Cliargine  the  Iioyden  Jar.— The  Uvden 
jur  \»  ■.-hRr^<><l  )>v  holding  it  in  the  hand  {placiug  the  hand  on  the 
tinnM    ivitrt)   as   shown,  and  p,q  q^ 

bringing  the  button  in  contact 
with  \\\f  prinir  condnctor,  F, 
of  the  electrical  machine. 

Tbu  positive  electricity  is 
acouniutated  in  the  interior, 
axtd  acta  by  indoctiou  npon  the 
onter  coating,  which  becom«>s 
Iherefore  nepitire,  the  positive 
flnid  of  the  outer  coating  being 
conTeycd  by  the  hand  through 
the  body  to  the  earth.  The  two 
fluida.  reacting,  accumulate  a 
Urge  <{nantitr  of  i>o»itivtt  electricity  on  the  inside  of  the  jar,  and  negti- 
tireon  the  uutaide. 


694-  Liinit  of  the  char^  in  a  oondenaer.— Disruptive 

dtocharge.— Tlio  ajoontit  of  electricity  that  can  be  accumiiiai<<i  in  u 
condenser  ia  limited  in  two  ways: 

1st.  By  the  limit  of  the  tension  of  the  fluid  in  the  charging  prime 
oonduetur;  For,  when  the  tttntiion  of  the  pn«itive  fluid  on  ii>^  plate  or 
inner  Oijuting  of  the  Leyden  jar.  becomes  equal  to  that  on  the  prima 
condnclor,  the  fluid  ceases  to  flow. 

2d.  By  the  cohesion  of  the  insnlating  glaea  or  dielectric  medinm 
betwi>«u  the  two  platea  or  coatings  of  the  jar;  for,  if  the  electrical 
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machine  Iw  sufficient!}'  powt;rful,  the  tension  of  the  opponng 
goe«  on  incr«Aeing  until  it  ov«rcomeB  the  cohesion  of  the  ((Usa,  «hir«r* 
ing  it  in  pi<-4-c.s,  pmthioing  n  Umd  expiation,  and  a  hrilliant  spark. 
Such  a  cu^-  us  this  is  called  a,  disruptive  disrhargf. 

605.  The  discharge  of  the  oondenaer  or  Lieyden  Jar  mnjr 
takt!  plact)  in  fuur  ways : 

Ist-  By  itisruptiiv  disckarffe.  jnst  exphiinetl  [G*.H). 

3d.  ftt^fnnibitf  and  gradually,  hy  impt-rfcct  insulation,  especiallv  If 
the  ail'  he  dump. 

3d.  Hy  itmnli  Kuref^nve  difrbargeK.  If  the  negative  plat«of  noon- 
deiificr  or  the  outer  coating  of  the  Leydeii  jur  is  touched,  no  electrirllT 
id  drawn  otf.  VieuiuiHi-  uU  that  It  contjtiua  is  held  in  e<|uilibriain  In-  :iit 
positive  fluid  of  the  other  phitc  or  inner  coating  of  the  ;ar.  Uut  if  tbt 
positive  or  inner  coating  of  the  jar  is  touched,  all  of  On  free  elecirirliy 
i(i  dmwn  off,  that  is.  all  vhich  is  not  neutralized  b^  the  other  pistf  nr 
coutiug  of  the  jar.  After  this  there  will  exist  on  the  negatirc  plitf  or 
ooBting  of  the  jar  u  certain  portion  of  uiiueutruliKcd  fluid,  indicated  hf 
tlie  pith-lwll  {lendulum. 

IW  ctinliuuing  to  touch  the  plates  aUemafely.  the  vholo  charge  nuv 
Ik'  drawn  off  in  small  quantities.  Br  this  process,  whenever  eithct 
plate  or  coaling  partd  with  it£  free  electricity,  an  equal  quaiititroT 
electricity  is  set  fi-ee  on  the  opposite  plate  or  coating. 

■tth.  To  nhfain  an'  imtaHtaneoui  di^harge,  it  ii  onlynecefltarjtojart 
the  two  plalea  or  the  two  coatings  of  the  jar.  in  commnnieatiou  wrib 
eaclt  other,  hj  means  of  a  conductor.  This  can  he  done  by  Luaohtii| 
one  plate  vrith  the  right  hand  and  the  other  with  the  left;  or,  is 
'  of  the  Levden  jar.  by  holding  the  jur  in  one  band  and  toudils)! 
button  with  tlie  other;  the  arm*  and  body  being  tiie  cwridnetor. 
The  fluids  flow  through  the  body  and  neutralize  each  other.  Thii 
produces  a  Khock  far  more  {lowt-rful  than  that  produced  by  the  fiJOfit 
spark  (Wini  the  prime  couducior.  To  avoid  the  shock  and  produce  tbt 
g[>ark  and  explosion,  without  destroying  the  dielectric  (694),  on  instf'' 
mont  is  employed,  called  a  duekargtr. 


IMBchar^ers. 

C96.  The  discharffins-rod  or  haud  discharger  (Fig.  ^) 
eottsists  of  a  metallic  rod,  terminated  at  its  two  end«  br  small  htlUof 
metal.  /  and  g.  and  having  a  hinge-joint  at  the  middle,  X.  »o  it  can  b^ 
folded,  to  vary  the  distance  between  the  haUa  It  is  also  provided  vit^ 
SB  inankting  handle. 

To  diachargo  tlu>  Leyden  jar  with  this  inetruraent,  it  is  onljneo*- 
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one  ball  in  conCMt  witli  tbv  outer  otMiting,  S,  and  tlio 
oilkt-r  vitli  the  bniton,  R 

(i97.  Figure  04.— The  universal  dlficharger.— Of  i\u-  vari- 
one  oonlrivoticefl  for  rej^ulatiag  the  diacbarge  of  condensen  and  the 
'  '  itUjrv,  the  uniivrital  discharger,  n-prcsKoteil  I»y  Uie  figorst  ts 

"1  iliv  tnosL  uael'uL 

Pio.  S4. 


The  two  coQiIticUng-rodK,  sliding  io  the  joint«  E  and  P.  and  ]iTOTided 
with  cotinivliri};  cliaine.  urv  monritMl  on  iii^iiluttng  HUpp^rls.  N  utid  N  : 
lt_T  which  tlif  vlwtrinil  fluid  may  W  matie  lo  pass  through  any  aub- 
ttatictt  placi-d  iipoo  ilw  table,  H.  The  tabic  may  be  elcTated  or  low- 
rfiHl  by  mi-an3  of  the  thumb-wrew  on  tlii.'  left.  Th*  substance  oiper- 
ioirnttil  upon  is  indulatvd  by  a  plat*.'  ol'  glasi,  y^l  iiilii  the  tiip  of  the 
tabli-. 

The  cuoducting-roda  ar«  pointed  at  the  ends,  and  the  points  can  be 
iX|M>m.<<l  by  im«crevriiig  the  balU //.  Thf  rod  F  connects  with  Ihw 
I*i-itiTt;  tidt'  uf  ihe  battery,  while  the  rod  E  U  brought  into  cuutaot 
uiib  thr  nej^fttive  itde.  by  moans  of  tho  chains,  or  by  applying  ont*  end 
of  tbt^  diKharging-rud  (CDC)  to  the  rod,  E,  and  the  other  end  to  the 
ire  liide  of  the  battery. 

l^9S.  Electricity  In  the  heyden  jar  resides  on  the  glass. 

it  ahuwn  by  an  ajiparutuii  nr  jar  roneutting  of  chrt-c  rcfisela 

ce  tapering  tuniblerH).  placed  inadt'  of  one  another.    The 

inner  onen  bi-iiig  ibin  metiUlic  coalings,  and  the  middh- 
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>ar  be  charged,  and  placi'd  on  an  insnlating  soriitoe,  and  the 
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ve«*jU  Bt'iiumteU,  the  elwlromt'ter  i»  not  disturbed  hy  either  the  oster 
ur  inner  vessel,  while  the  glass  vessel  remuius  strongly  excit^.'d.  If  the 
ports  Imj  nguiii  put  together,  the  jar  ia  found  to  bo  charged  aa  At  tint. 

699.  Figiire  25.— The  electric  battery.— An  electrictl  (m- 
tery  cotifiistti  of  sevenil  Leyden  jura  connected  together  in  such  luiii- 

ner  as  to  act  as  one  jar.  To 
establish  acunnection  bolweni 
their  outer  coatings,  the  jar 
are  placed  in  u  box  wliicb  :i 
lined,  at  the  bottom,  with  tlim 
metal.  Their  inside  tarivxt 
are  bronght  into  commnnict- 
tion  by  connecting  the  swpbI 
bnttons  with  metallic  roda,u 
rcpre«enl«l  in  the  Sgure. 

Though  the  power  of  ^ 
(vtht^r  things  being  etiaal.  ii 
directly  as  their  sarlace,jets 
limit  of  size  is  aoon  reacbtd, 
which  it  is  unpn»titiible  to  exceed,  owing  to  the  necessary  thicknea«of 
glass,  etc-  6eT«rml  batteries  may  be  combined,  by  connecting  their  dit- 
aluu:ging-rods.  which  are  preferable  to  more  extended  single  seri^a 

A  buttery  i»  cimrget]  sume  ae  a  single  jar;  that  is,  by  connecting  tlx 
Ulterior  with  the  prime  conductor,  and  the  exterior  with  the  earth. 
The  coniteotion  is  made  with  the  piime  conductor  by  a  rod  paarag 
ftvm  one  uf  the  buttons,  ae  P:  and  with  the  earth  by  a  chain  attsehiJ 
to  the  ring  in  the  handle  of  the  box — the  handle  being  in  metallic 
contact  with  the  lining  of  the  box. 

Whi'n  handling  jrawerfVil  hatteriea,  caution  is  requisite  to  Vfii'A 
receiving  their  shocks,  else  serious  consequences  might  follow. 

A  battery  has  hevn  made  embracing  a  hnndrvd  jiira.  each  tJiirtwa 
iadMi  IB  diameter  and  two  feet  high.  Such  a  battery  magueti«s  iImL 
deflagrates  iron-wirv,  dissipates  and  vaporiies  Tarious  metals,  ihiren 
blooka  of  wood  i^eTerat  inches  square,  etc 

700.  Figure  28.— The  electric  spark.— The  explanitionrf 

llii^  figure  is  contained  in  srtidt 
t".S4.  When  a  brass  ball,  at  the  enJ 
of  *(.-»^udiictinp-rod.  is  presented  » 
a  poworfnlly  charged  prime  oao- 
doctor,  sparks  are  sometimi^  takft 
from  it  at  a  djatance  of  tliirty  iodx^ 
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^701.  The  color  of  the  electric  spark.— In  air  and  oxygen 
it  ie  white;  though  in  heavy  thuiidor-atonnd  of  this  countty  it  ia 
letimeG  purple,  udU  at  other  lim(.>s  violet.     In  nitrogen  it  is  blue; 
in  hydrogen,  crimson  ;  in  carbonic  acid  gas,  green. 


^702.  Piffure  27.— Differ- 
ence between  the  positive 
and  negative  spark.— The  ix>8i- 
tivc  cUtEririty  givcit  an  op*'ning 
BhcttT  or  bmsh  of  light;  negative 
electricity  giviwonly  a  star,  as  rep- 
resented in  the  tlgiire. 


PlO.  27. 
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V  TirrpTTTTTpiji  _iini[— v^ 
f  "inrminnii"  "nmnr  >^ 

V  rrrm 


^70S.  Flfftire  S8.— The  electrical  square.— The  electrical 
square  consists  of  a  B([iiarc  plate  of  glass.  u|Hjn  one  eurface  of  which 
IF  parted  a  narrow  atrip  of  tin-foil,  nitiiiing  Ipackwanl  and  ftirward 
across  the  plate-,  as  shown  by  tlie  black  line  iu  the  figure.  The  upper 
end  of  the  strip  is  cotinectetl  to  the  prime 
conductor  by  the  rod  P,  and  the  lower 
end  commnnicat^s  with  the  earUi  by  the 
chain  T. 

If  the  Btrip  is  unbroken,  the  lluid 
ivasses  fVom  the  marhinc  to  the  earth  with- 
ont  emitting  &parki> ;  but  if  the  atrip  be 
broken,  the  fluid,  in  parsing  over  the 
break,  produces  a  cotitinuous  lighC  And 
if  several  breaks  l>o  made,  so  os  to  mark 
out  any  design,  as  letters  or  other  objet^ta, 
the  design  will  ap|H>ur  in  light,  ait  if  traced 
on  the  ghua  with  fin;,  whenever  the  ma- 
. chine  ia  turned.  The  experiment  tei  more 
■riking  in  a  dark  room. 

^704.  The  effects  of  the  electric  discharge.- If  the  passage 
of  electricity  through  bodies  is  impeded  by  their  bad-cond noting  qual- 
ity, or  by  want  of  proper  dimensions,  a  powerful  electric  discharge, 
under  such  circumstances,  will  produce  various  effects,  which  may  l« 
claHiCed  as  follows:  lat,  phtf-nolof/icnl ;  td,  phftsie/il :  ^d,  ttiecha7nca/ ; 
4tb,  ehfmical 

TO/}.  Physiological  effects  of  electricity  are  ihf  effects  which 
luces  oti  nun  and  aiiimals.     They  euiisist  of  ihe  slioeV,  muscular 
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contractiona,  more  or  Ie«s  paiu,  and  death,  according  to  the  power  ■>; 
the  electrical  opparatas. 

Any  numWr  of  [lersotis,  by  joining  hand^,  will  be  aimnlUnetHis!! 
and  similarly  affected,  by  the  same  dieclmrge.  An  electrical  ahocV  lia* 
beoti  administi-rcd.  in  this  manner,  to  five  hundred  permns  at  ox\.fx. 

A  buttery  of  six  jara.  of  average  size,  would  he  dangerous.  With 
more  jiowt-rfiil  hatteried,  cats,  dogtt,  uiul  Urger  animals  may  be  kiilnl 
outright  There  are  batteries  of  suSlcient  power  to  kill  an  n 
instantly. 

A  ]>eraon  charged  on  an  iiuiilatiug  etool  (684),  foels  a  pnckty  Iime 
and  glow,  rfsulting  in  |»eref>iration. 

Many  suec^-jsful  applications  of  electricity  haTc  been  made  in  (lif 
treatment,  and  cure  of  diBeasua. 


70G.  Heating  power  of  electricity.— This  effect  of  el«- 
tricity  18  shown  in  many  ways.  It  ia  anfflciently  inteneo  not  only  to 
inflame  ether,  gunpowder,  etix,  hut  also  to  melt  and  volatilixe  Ike 
metals  (tiU»). 

The  he«ting  effect  is  shown  by  stretching  a  fine  wire,  L,  Fig.S* 
(fi97),  Wiwfen  the  I>all8,/i'",  of  theiiniversftl  discharger,  and  discharging 
a  powi-rl'ul  butti-'n' through  it.  The  wire  will  undergo  combustion,  w<J 
be  di3[)er8(Hl  on  all  aides  with  Wvid  scintillatione. 

Jt  it)  in  thirt  way  that  gniipowder  m  ignited  nndt-r  wati'r,  for  hhetiog 
purposes,  hliiwiug  up  sliipei,  etc.;  the  wire  being  protected  from  itie 
.Tifat*'r  by  suitable  covering. 

Tliougb  no  heat  ia  felt  when  the  knuckle  receives  strong  ap«rki  ftoia 
AU  active  niaehine,  yet  a  jet  of  bunting  gas  can  he  infiamed  by  •  qwi 
fr<im  the  linger  (<iM) ;  or.  mori'  strikingly,  from  an  icicle  held  intbe 
fingers  of  a  person  mounted  on  an  insnlated  stool. 

707.  The  mechamcal  effects  of  electricity  are  manil^ 
wheti  poweilHl  charges  uf  elettrii.ity  are  passid  tliruiigh  imperfwlwo* 
ductors.  The  effecta  are  expansion,  with  tearing,  fracturing,  and  gen- 
eral ahatU'ring.  These  effects  are  exhibited  by  jilacing  the  body,  •*" 
billet  of  wood,  a  heiok.  or  a  box.  U  Fig.  24  (*>!'7),  etc,  on  the  table  flf 
the  tuiiversal  discharger,  and  passing  through  them  a  [xiwerfnl  chwff 
fl-oni  the  hattt-ry.  In  this  way  blocks  of  wtiod  may  be  torn  toipliiilirti 
holes  pierced  in  plates  of  glass,  and  through  books  of  four  or  fire  hon* 
dnni  iwges,  etc. 

708.  The  chemical  effects  of  statical  electricity  are  gen*- 
rally  feeble.  Small  (inantilies  of  wator  have  bevn  decom)iused  wit^ 
wry  small  submerged  poinr*  of  gold.     Various  other  chemical  effwis 
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m  httn  ob^^ired.  but  the«e  belong  rather  to  the  sabject  of  Ohetnistrr 
Uum  In  this  branch  of  Physics  (see  753). 


ATMOSPRBRIC    BLIOT B t Cf  TT. 

T^f^f.  Franklin's  experiment  with  a   kite  proving"  the 

identity  of  Ug-htnlui;  and   the  electrical  spark.     KninkUii 

cimcvivetl  the  idea  that  the  pheuomcua  uf  n  tliunUrr-storm  were  due  to 

'<    ^ricitj,  iknd,  tu  etitisfy   hi;!  iu(|niring  mind,  iDgeuimialy  tested  tUv 

ilful  cundition  of  the  clouda  with  a  kitv,  and  with  aach  tfucce^s 

that  ti-ars  accompanied  his  joy. 

HavinfT  prcpiiwU  hia  silken  kite,  with  a  pointed  wire  on  tht  top,  and 
a  hem|H<n  string,  at  the  lower  end  uf  which  he  fastened  an  iron  key, 
and  to  tiic  key  au  insnlating  silken  oortl,  he  awaited  the  approach  of  a 
lunder^itorm,  'I'hu  dti>rni  came,  and  up  went  the  philosophic  and 
ion<  kite,  which  soon  gave  the  groat  pliiluduphLT  bojies  of  Bncocw: 
flnalty.  when  the  Min  Iiad  incretwed  the  conducting  |k»wlt  uf  llie 
ing,  he  enjoyed  the  im^pL-akable  8atiii(action  of  beholding  long  ul«v 
trical  sparks  darting  ftfim  the  iron  key — whicli  nnlocked  the  clotidd  to 
-an'hiiig  tnintL 
iSiiorkn  ivii  fwi  long  have  been  obtained  frum  the  clooda  by  moind 

Vivid  dparka,  often  inconvenient  and  not  wilbont  danger,  flow  fVoni 
the  recviving  inntrumento  in  t«'legntph  iiS1lv«  during  a  thunder* 
atortn.  the  wirefl  becoming  charged  with  atJiiospberfc  electricity. 

^flO,  Free  electricity  in  the  atmosphere.— The  existenoe 
of  atnioispheric  elvH:tricity  is  not  contined  to  chnidi)  alone,  for  it  often 
«xi9U  in  the  atino^plu-rv  when  no  trace  of  cloads  ii  viaiblo.  An  inau- 
lateil  conductor  ext^tndcd  a  few  feet  into  the  air,  a«  by  meana  of  a  hmg 
.r-nwl,  will  ttffectthe  electrometer.  N'oevidence.  however,  is  fonnd 
-i-  fiiau-noe  uf  ftve  electricity  within  tlirw?  or  four  feet  of  the 
earth.  Bat  more  and  more  ia  fonnd  the  higher  the  c«>nduotor  is  raised, 
even  at  u  height  of  two  Inindred  and  ^-venty-fiTe  feet 
From  many  exiKTimenid  it  ia  fonnd  that — 

|a«t  Tlie  electricity  of  the  atniospherw  is  always  positive;  is  most 
idaot  a(  night:  incp'AK<4  afU>r  snnrice;  diminiehe«  toward  dooq; 
grrairt  again  UiWttrd  iiui?<*-t. 

\i\\.  The  electrical  statv  of  the  apparatns  is  disturbed  by  fogv.  rW\Xi%, 

t,  or  inow:  being  negative  when  Uicse  approach:  Hometiroes 

|i      ,         ironi  positive  to  ni*gatiYe,  and  rie*^  versa,  e^ery  ibn-e  nr  f.mr 

'  llH'apppiaL'h  of  cloudsaflects  the  in«trnment  in  a  aimiUr  manner 
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4th.  Atmo^horic  electricity  ia  more  abuncUot  in  summer  thac  ia 
winter. 

711.  The  causes  of  atmospheric  electricity  aru :  1st.  Thi 
iiitluetivo  inlluuiiou  of  the  negatively  excited  earth:  :jd.  GvHpontMni; 
3d,  Cund^'iisutiGii;  4tb,  Vegetation  and  animul  life ;  5tli,  C'omlnutioD; 
6th,  i'rictiou. 

The  first  of  theae  causes  is  far  more  important  than  all  theotheia 
The  doHBor  air,  near  the  surface  of  the  earth,  acta  as  a  dielectric  bfr 
twecn  the  negative  earth  and  positive  higher  layijrs  of  the  atmo^bcRj 
Uie  earth  and  air  being  an  immense  Leydeu  jar. 

713.  Thunder-etorms  nre  usually  attended  by  an  alteratioaia 
tlie  directi<iii  of  the  wind.  Tliey  generally  prevail  in  the  lower  regiow 
of  the  air.  and  are  most  fh}<]ueut  and  violent  in  the  equatorial  rt^^t, 
and  In  the  duntmer  than  in  the  winter.  They  are  attended  vith  r^ 
cnndonsation  of  atmoipheric  vapor,  and  an  accamtilation  of  electiicitjr 
in  which  they  chiefly  diflTer  fVom  other  storms. 

The  origin  of  thunder-clouds  is  due  to  the  ruihing  up  of  tlie 
lighter  air  to  rt\<;toro  the  normiil  ixjniHbrium  of  the  atmnephore,  y^vk 
had  l)eeu  disturbed  by  the  gradual  introduction,  next  to  the  groDoi 
of  warm  and  moist  air.  The  apper  end  of  such  an  ascending  colaau 
of  air  ia  negatively  electrified,  m  it«  lower  end  receiver  positive  indnc- 
tiou  (h>ni  the  negative  earth.  The  excess  of  watery  vapor  in  suoh  » 
cloud  will  be  precipitated  as  it  riae«,  and  tlie  ascending  column  bwoBM 
a  conductor,  through  which  a  Krie*  of  discharges  will  take  place  be* 
tweL'n  the  npper  aud  lower  parts  of  the  cloud. 

71S.  Thunder  is  the  sound  which  follows  a  flaah  of  lightoiiig- 
The  lightning  passes  tfaroogfa  the  air  with  such  velocity,  it  violestlf 
diiplsoM  it,  leATing  void  a  spooe  into  which  the  air  riuhe«  with  a  loud 
report 

If  the  lightning  proceeds  Eh^m  or  toward  the  hearer,  the  sound  viD 
he  somewhat  pn^onged.  as,  in  this  c«e,  the  $onnd  from  different  part* 
of  the  vacniim  has  uneqnal  distances  to  travel  before  it  reaches  the  esT. 

The  loadttMi  of  thunder  depends  upon  ita  nearness  and  the  povc 
of  Ibe  electric  dt8oluu;ge.  Near  by.  it  is  sharp  and  rattling ;  at  a  gresttf 
distance  it  is  dull  and  piokniged. 

Xja)ttiu9w< 

71^  Liffhtnlng. — .^ir  subjected  to  comprcseioa  emits  a  sjtAi 
thrn>roTV  It  1$,  by  $«>me,  GutiteBde<.l  that  lightning  is  due  to  ooodeMi' 
ttui)  of  atr  in  Ount  of  the  electric  fluid,  in  its  rapid  projgreai  froB 
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point  to  point  At  any  rate,  it  is  the  resalt  of  electricAl  diachargci^. 
ClondB  collect  iind  retain  electricity;  and  when  diRerent  clouds  lire 
QiKHltially  ur  ditferently  cliargud.  and  upproacb  each  other,  thu  Uiiid 
rushes  from  uui;  to  another  through  the  mterveuiug  air.  In  the  »trae 
manner  the  fluid  may  ptu>s  from  the  cluuds  to  the  earth,  wbeu  thu  dis- 
charge 18  called  a  thumlcrboU.  In  euch  cases,  eU-vat^d  objfCtji,  iw  trees, 
church  iiteeples,  etc.,  often  govern  its  direction,  and  auffor  terrible 
oonaequencee. 

Id  low  regions  of  the  atmosphere  lightning  is  white;  in  higher  re* 
gioDS  it  is  violet 

7 lo.  Clasaes  of  ligrhtuiag. — Lightning  has  been  divided  into 
Cla«se«;  namely,  ziff-tay  nr  c/mm  Ughtnir^,  sheet  lightning,  bail  light- 
ning,  ht<it  lightning,  and  volcanic  lightning. 

Zig-xag  or  chain  lightning. — The  zig-zag  form  is  due  to  the  fact  that 
the  c^inipreftflcd  air  in  front  of  th<-  fluid  resists  itei  flow,  caufiing  it  to  be 
turned  aside  from  a  direct  course.  Sometimes  the  flaah  \%  thus  divided 
into  two  or  three  bninchee;  wlieii  it  is  termtMl/ori-ny  lightning. 

Sheet  lightning  is  a  dilTuaed  glow  of  light  illununatiug  the  borders 
of  Uie  clouds. 

BaU  lightning  appears  in  the  form  of  globular  maescs,  sometimes 
ppmaitiing  stationary,  often  moring  ulowly,  and  in  a  little  time  they 
explode  with  great  riolciic*-. 

tfeat  lighlning  occura  often  in  serene  weather  near  the  horizon,  un- 
attended with  thunder.  It  is  tlio  reflection  in  the  atmosphere  of  light- 
Oiug  at  a  remote  distance. 

Voieanic  lightning  is  caused  by  rapid  condensation  of  the  vast  volumes 
of  hcatc-d  va)K)r,  thrown  into  the  air  from  active  volcanoes.  This  clwis 
of  lightning  is  soniettnu-s  very  terrific 

TJG.  The  velocity  of  lightning  is  estimated  to  be  not  tees  than 
260fW>0  miltd  ]H-r  senjnd.  Tliu  duration  of  a  flash  of  ligtitning  does 
not  exceed  a  millionth  part  of  a  second. 

7'/7.  The  retum-Bhock  is  a  violent  shock  felt  at  a  great  distance 
fh>m  the  place  where  the  lightning  strikes.  It  is  due  to  the  induction 
of  an  electrified  cloud  upon  the  grouud  and  bodies  beneath  it,  which 
are  all  strongly  charged  with  eleetrieity  contrary  to  that  of  the  cloud. 
When  a  discharge  takes  place,  at  wliatever  point  of  the  cloud,  the  cloud 
retunu  to  itd  neutral  atutv,  causing  its  inductive  inHuviice  to  cease 
instaatly,  whereupon  all  the  bodies  electrified  by  its  induction  iustauUy 
return  Im  th«  neutnj  staT*.  Tlic-  violence  of  this  return  constitutes  the 
fifur»-shock,  which  sometimes  causes  death. 
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7 is.  Figure  29.— Lightning-rods  arc  rods  of  met»I  octocliM 

tobuililiiigsiiniltthips.  toproU^c;t  thcmfrominjariousiiffiMrtsorHghtnJDg. 

'I'Ik- |irxit4>ctivG  indiienccof  a  roil  cxtendn  tu  ado- 

taiice  from  iteelf  equal  to  four  times  it«  height  abow 

tliQ  hiiilding. 

Tliuy  rwreiTe  the  fluiil  on  the  point,  mid  sUentlj 
convoy  it  from  thtf  ctoucU  to  the  gronnd,  ereti  vfatu 
110  visible  discharge  takes  pIao& 

To  lenilcr  lightning-rods  eBpctive,  they  should  be 
wt-ll  insulated  fVom  the  building  by  glass  holdcK 
[winU-d  lit  the  top  and  the  point  coven^  with  dob* 
corrusivu  uietul,  of  ample  size  and  good  conduettag 
material  (copper  is  beet),  set  deep  enough  iu  iIk 
ground  to  reach  the  permanently  moi_rt  earlli.  0(Hi- 
iiectfd  with  other  metallic  snbgtancea  (if  any)  on 
the  bnilding,  a»  gnttera,  gas  pipes,  etc;  and  espe- 
cially shonld  they  be  eontinuougy  otherwise  they  an 
H  ttouree  of  danger  ratlier  than  safety,  as  will  be 
seen  by  the  following  experimenL 

The  little  tower  (Fig.  3ft),  constructed  of  separate  wooden  blocU 
rests  on  thn-e  metallic  twlls  or  bnttooa,  placed  on  a  base  block,  as  ^p- 
i\'»enla>d  in  the  Hgnre.  The  button  in  front  stands  upon  a  small  squin 
\\wo\  shown  Sfpjirately  at  E.  This  piece  has  a  metallic  connection 
running  rtimngh  it  in  one  direction,  and  halfway  throngh  it  in  sa- 
other;  t^  thai,  by  insi'rting  this  piece  into  it«  recces  one  side  up.  tbt 
lightning<i\xl  (represented  by  the  dotted  line)  is  made  contiuaooJ^ 
frtxn  the  top  of  the  tower  to  the  chain  below.  By  turning  the  fieet 
over,  the  metallic  oonmH*titm  can  lie  broken.  If  the  charge  of  a  Leyden 
jar  is  (mssed  through  the  rod  when  the  cireuit  is  intermpt^d,  tht  piece 
will  be  blown  onu  and  the  tower  tbrawn  down.  By  tnrning  the  bloct 
and  ihu:«  completing  the  metallic  connection,  the  same  charge  iapaont 
•  illiout  disturbing  the  structure. 

lt«ana  of  safety.— IVraons  who  safler  with  fear  of  being  stmcii 
by  hghiniii^%  uihv  fivl  a  A-nA?  of  security  by  putting  on  alls,  clothing. 
aod  sitting  in  an  msulated  chair  placed  in  the  middle  of  the  n»ni. 
TtM  chair  can  be  ronwui<catIy  tnmUtrdwith  fonr  glan  tumb1rre,or 
pfaou  of  thick  gUwL  Or  th«-r  may  plao«  tbecueWes  upon  a  featlirr 
twd.  It  is  mibr  to  avoid  eanvnts  of  air.  and  nean»e«s  to  chimaey&sod 
walk  of  tbv  rooM,  awl  iwtal  conductors  ag  gilt  bame»,eUu  Ifoatcf 
4oon.  it  u  )pnd«al  to  «Timl  elmicid  o^ttia*  as  tnos,  bnUdinf"* 
e<c^  l^>r  ohvwM  TiMyii  i.  tt  is  saltr  Id  be  ia  TaQers  than  on  )M-b^ 
or  hm..«HW 
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liability  of  beisg^  struck  by  lightning.— The  ftpprohonaion 
and  flulicitnde  rcspectiug  liglituUig  arc  ]int{H>rti(Hiatc  to  the  magnittide 
of  Ihei'Tilsit  produces,  mtlHT  than  the  fn.'(jiK'iicy  of  iu  i>cciinviitt'. 
Thtr  ehaiiix*ii  ufuur  being  killed  or  iiijun-d  by  Iighlning  arc  intlnitcly 
[em  than  tboie  which  we  enconater  in  tniTcliiug  by  btuu  uni)  i-.ans  ur 
in  our  dailT  v'alka  aud  occupations,  or  6vea  in  our  sleep  from  the  tU«- 
tructiot)  of  our  dwollingii  by  tin>. 

^  7 19.  Axirora  borealis.— By  this  term  is  meant  the  lumiDoos 

phcnomeim  which  are  ofton  seen  iu  the  regions  of  the  polea  of  tlie 

okrUi.     lit  the  uiirtherii  hemisphen:  thc^y  ajiitenr  in  the  north;  in  the 

southern  hvmisphL-re  they  appear  in  the  south,  and  are  then  citMed 

aurora  au»tralU.    There  are  diflereut  opinions  concerning  the  caase 

these  phenomena.     By  some  they  »n>  i9up[H)a-(l  to  lie  due  to  the  \)aa- 

of  electric  currcuts  through  the  higher  regions  of  tbe  atmosphere; 

differeut  colors  being  manifested  by  the  putiSDgeof  the  fluid  through 

of  (lilTereut  densities.     Tliuugli  pliilotKipli'.TS  cannol  y>'t  demomjimte 

cause  of  the^i-  luniiuouii  appvAratices.  etiU  it  ia  gcuemlly  believed 

i  the  pheuomena  are  intimately  connected  with,  terrestrial  maguetic 

ricity. 

:iai  this  light  i^  not  a  looal  phenomenon  'm  erident,  for  the  reason 

it  ia  oflcQ  Kca  simultaneonsly  in  places  fur  apart,  m  £un)pe  and 

ico. 

The  height  of  the  auroras  baa  been  estimated  to  be  firom  one  hundred 

two  hundred  mile*, 

'  Thfry  appear  t»  be  more  IK-quent  about  the  period  of  the  et^uinoxes 

VI  other  times. 
[.During  the  prevatcnco  of  the  auroras,  all  the  magnctie  elements 
great    disturbance,  simnltaneonBly,  at  Uie    must  distant  stjt- 

'hai  (he  nurfiras  act  upon  telcgmphie  wire*,  is  shown  by  the  foot 
that  vcTenil  telrgrapbic  lint^a  in  the  United  States  were  worked,  in 
fiartu  of  Augtiiit  and  September  of  1859.  for  hours  together,  entirrly  by 
|*>  magnetic  onrrent  iudnoed  by  the  anront,  the  botteriefl  being  de* 
rhnl. 
[C^cmiGul  dtvnmposition,  and  heating  and  luminous  eifcctji, haTe  he«i 

•rvitl  irxttn  tbe  current  Induced  during  auroral  disinrbanceti. 
Aj  evrrybody  hiu  ot>*'r»"«>d,  or  may  obaerve^  the  auronis.  often  calKn) 
Northern  Lighta.  il  ia  useleea  to  deaonbe  their  general  Hp|H-ar> 

I*hc  phenomena  of  the  auronis  oocor  in  the  day'time  as  well  at.  at 
It.  but  the  iini"erior  light  of  the  sun  renders  the  auniral  light  inria- 
daring  the  day. 
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720.  FigTire  30.— Slow  dischar^  of  a  Leyden  jar.- 
Before  kavitig  the  topic  of  atjitical  or  friotional  electricity,  and  tikio^ 

ii]i  that  branoh  of  the  geneml  eobjcct 
t<.-niiud  ilt/namiaii  rleeiricily,  we  will  deecnbe 
whut  may  be  conaiderocl  a  boautiftil  t-iit- 
tricul  luy,  consisting  essentially  of  a  LenUa 
jitr  uud  two  small  lielU. 

A  charged  jar,  provided  with  a  email  bill 
ill  place-  of  the  button  or  kiiolj,  is  set  upoDi 
board,  near  to  a  small  bnus  ball  faateacd  lo 
u  RJlkcn  threati,  which  is  held  at  ilie  upper 
end  by  a  metallic  rod,  A.  Thiii  rod  coDiiEctt 
with  tlie  utrtb,  and  supports  another  smitl 
bt-IL 

The  positive  electricity  of  the  jar  attncti 
the  little  ball,  which,  after  striking  th«  bell, 
is  repelled,  antJl  it  Btrike«  the  otJi<'r  beU, 
when  itd  positive  fluid  is  diBcliar;ged,  uA 
itself  is  again  atlracted  by  the  first  bell,  ud 
m  on,  for  many  hours  (653). 


CHAPTER   XT. 

DTSAMICAL    ELECTRICITT. 
minAHBlTTAL    PBIKCirLBB. 

7H.  Galvaniam. — Electricity  eicited  or  prodaoed  bydienuwl 
ariion  is  called  lialvnHisnu\n  honor  of  Qalvani,  who  first  obsent^ 
certain  pheuomcna  which  led  to  the  disoorery  of  generating  electti^ 
in  this  way. 

7SS.  Fictire  31.— Oalvani's  discovery  and  experiment- 
■—In  tlie  year  1786,  Luigi  (lalrani.  prufessor  of  anatomy  in  the  Git 
Yprstty  t>f  Bologna,  while  makiug  applications  of  abnoepberic  electri* 
city  U>  aniinn)  i<rgattisn»,  accidentally  obaerred  cooTiiUiTe  raorenMatt 
in  Ibr  body  nf  a  (Vof;.  whtcb  h«  had  {Kvpaivd  for  some  expcrimeDt,  w^ 
huns  on  a  eopivr  hook  near  aa  iron  Aame  of  the  window.  '&) 
Airtht^r  obwrvation  and  expetimnit.  be  found  that  the  conrulsioBf 
wvn>  8tT\^nKt«t  wht*n  h**  madi'  coonectioB,  by  neaas  of  imo  tatiah,  U* 
Iwcrn  the  luuihar  ucrxT«  and  tlie  uttcfur  ■aoda^,  deanded  of  the  skUL. 
as  r\'i«v».'utcd  in  thp  lijjiirv. 
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inRlmmcnt  in  tho  hand  fio.  31. 

«i>ttaiaW  uf  I  wo  pieces  ot"  nii-tal, 
ainc.  Z,  ftuil  copper,  C,  joiticd 
logetlior  lit  the  contact  wiUi 
l)(*  Iiimdlc  By  simply  pUiciiifi 
the  xlnc  in  contact  with  tlit.- 
ncrvi**,  at  N,  no  convuUiou  oc- 
fnna,  but  ue  soon  as  tliL*  c«)ppi?r 
cornea  in  ooiitaot  with  the  limb 
below,  the  Irg  is  oonmlsod  and 
drawn  up,  aa  shown. 

Oalrani  fottnil  also  that  ihean 
conruUiuns  could  be  produced 
by  bringing  the  interior  surfaoe 
or  the  nervefl  in  contact  with  f  hi- 
exteriormncutji  stirbce,  teiihoui 
tht  use  of  metalt. 

Tlm«  began  the  disroTcry  of 
the  method  of  generating  electricity  by  mcuns  of  chemical  action,  now 
ooustituting  ono  of  the  most  important  branches  of  science. 

7^S.  Oalvani's  expLanation.— Qalvani  held  that  the  coutqU 
giou8  of  the  frog  were  excited  by  a  ucrvoiis  or  vital  fluid,  passing  from 
tliv  nerves  to  the  ninscl«e  by  way  of  the  metallic  communication,  and 
that,  falling  on  the  mnsclee,  it  contracted  them,  like  the  electrical  dis- 
cbarge from  the  machine.  This  view  was  soon  shown  fai  be  incorrect, 
bitt  WHS  adhered  to  by  OaWani  until  he  died,  in  1798,  before  the  Voltaic 
Pile  was  given  to  the  world. 

7^4-  Volta'B  theory  of  contact.— Volta  at  flrst  accepted  the 
views  of  GaWani,  but  after  experiment  and  study,  gave  np  this  hypo- 
thesis and  adopted  one  of  his  own.  Tic  attributed  the  electrical  effects, 
ntnnift'.^Led  by  the  conTnlsions,  to  the  eontact  of  dUnmitar  suhalane^n, 
which,  he  claimed,  caused  a  decomposition  of  the  natural  electricity  of 
both  btxlies,  the  positive  flnid  going  to  one  and  the  negative  to  the 
othrr^  and  that  the  frog's  limbs  were  only  the  sensitive  electroscope, 
indicating  the  current  thus  developed. 

'riiough  this  theoi7  held  general  sway  for  a  long  time,  yet  it  was  not 
the  true  explanation;  hence  it  was  gradually  supplanted  by  the  W^c/rff- 
ekemitvil  thmry,  which  refers  these  phenomena  to  ehfitnical  nriion. 


Volta  discovered  that  certnin  mflah,  particularly  tht  ox^HitabJe 
fuetaU,  liiMengniffi  electricity  and  charge  the  condenser. 
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'I'liiit  discovery  won  led  (1800)  to  Volte's  second  and  great  disoonrf, 
vis.,  the  Voltaic  pile  or  baitery. 

7^5.  The  electro-chemical  theory.— The  troe  caiua  of  eho> 

tribal  i'<ccitcinei)(.  occasioned   by  the  contact  of  difislmihu'  metala^ii 
nuw  fully  uBoertdincd  to  be  cheiaicai  aclion. 

Klecli'icity  produced  by  chemical  action  is  termed  Galvanic  la 
VnUaic  electricity.  Vet  tiulvani  never  even  saw  a  galvanic  butteij,' 
but,  Uuviug  been  tlic  tirel  ubeerrer  ol'  the  pheuomeua  which  set  VuJU 
to  work,  ht-  shares  the  honor  with  Volta.  Yet  neither  of  iheia  folly 
understood  ilit-  diaeovi-rv,  which,  through  their  infltrumentality,  is  now 
•0  beneKoial  tu  mankind. 

Fabroui  drst  snggesCed  the  chemical  theory,  the  truth  of  which  vu 
Suli»iM|iieully  dfinonstnited  by  l>e  le  Hive  and  Hei;querel,  who  alao 
found  Unit  no  i:hemicikl  action  takes  place  without  di-veluping  electiicitT. 

They  also  dhowed  that  wheueviT  a  meUkl  is  attacked  by  un  iKi4,tlie 
former  is  positively  and  the  latter  negatiwly  electrified. 

736.   Figiire     32.— Simple    Toltaic    couple.  —  WheonfT 
two  uiilikv  sii)>staiiu.'t>  oioisU.!ned  by  or  immersed  iu  an  ucid  or  aline 
Quid,  are  brought  into  contact,  a  voltaic  current  is  established. 
If  «  silvi-r  or  copjwr  coin  and  a  piece  of  zinc  be  placed  one  uborv  and 

the  other  below  the  tongue,  tw  tha:  tlxir 
edges  are  in  contact,  a  prickly  senSktiM 
will  lie  foU  in  the  tongue,  and,  if  (hvcni 
be  closetl.  a  mild  fhuh  of  light  is  also  Ken. 
A  mention  of  thifi  simple  experimeai  bT 
SuUer,  a  tiemuui  auUiur,  iir  the  fiiet  n> 
coaled  phenomenon  attribntable  tovcJuic 
electricity.  Hie  saliTA,  in  this  cMe,  ii  the 
saline  fluid,  exciting  a  Toltaic  carrent,  due 
to  ill*  rhi.>mical  effect  on  the  wnc  or  eoppe^ 
nervra  of  senn  ore  the  eleetn- 
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The  figure  represents  the  simplesl  form 

of  a  Tohaic  baiterr      It  oooaisU  of  a  ptrtt 

of  copper  (r)  and  a  piece  of  tine  (i),  partlr 

imineraed  in  a  weak  solution  of  salpbnric 

acid.  Testing  in  direct  contact  at  the  l«^ 

or  nnitMi  c;  -.w.-v,^  of  copper  wire«.  as  shown  in  the  ^url    Tbiu,it 

is  seen  that  •  stmpW  roltaic  couple  consists  of  three  deoKuts — hm** 

««<  ffffier. 

Whctt  the  two  metals  are  in  contact  (within  or  vitlkont  the  liquid). 
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ro  t>l«ctric«l  oiirrcntH  will  be  set  np,  llowiug  in  opposite  direoiiou^  as 
ludicatM]  by  tbe  two  ay^tviuB  of  Artavt,  iu  vilUer  of  the  two  conpWs 
iltr  1i|fiire. 

Tbr  |M»i(itire  fluid  5ova  ivom  the  zinc  to  the  copper  in  the  liquid  aod 
ihfl  cupiK-r  tti  till-  zinc  iu  the  air,  oa  indicattrtt  by  the  long  utoh's 
the  tiip  anil  bottom ;  M'liilu  llie  ne},nitivf  fluid  pussos  fJrutn  thf  co]ipc-r 
Iu  Diu  zinc  in  tliu  liquid  uiid  Trotii  ttic  ziuu  to  tliu  L-op|M:r  in  tlit;  air,  its 
litMtttl  by  tho  abort  ikrrows  at  thv  top  and  bottom,  uud  by  tbe  aigni 
|nft  and  tuintie. 
Endenot^  of  chemical  acrion  is  8e«n  by  the  constant  flow  of  gas  baV 
t'S  (bytlnigcn)  frrjin  the  zinc  to  the  coppc-r.    This  iction  ccasoi  the 
It  the  contact  bitweea  the  metals  is  broken. 


7^7,  Figrure  33.— The  voltaic  pile  or  battery.— In  tht-  year 

),  Volla  iiMi-uloJ  un  iiiijiuruuib  by  ^N'liicti  tlie  number  of  vvtitmiA 
Could  be  multiplied,  luid  the  elTecl  iuurvtuKd. 
Iiiii  he  did  iu  aoconUuce  with  his  tVNtact  Fio.  33. 

itviri/,  previonsly  mcutioncd  (724). 
8ucli  a  pile  consisted  of  uUeniate  copper 
id  zinc  disks,  laid  up  as  sliown  in  the  figure, 
fith  disks  of  paper  or  cloth  between  them, 
<!   with    brine  or  acidnlaU-d  water: 
-^'lus   being   all  disposed  iu  thi.-  same 
ler,   that   is,  copper,  cloth,   zinc. — copper, 
lib,  zinc,  fliid  so  on.    W  etaiids  for  tho  iret 
>tb  in  the  drawing. 

The  tnrminal  plates  (copper  at  bottom  and 

pnc  at  top)  are  pruviilrd  with  cnrs,  for  the 

>nvenicnt   attai^ltmt-nl.  i>f  wiPl-s.     The  wires 

)nnpciing    the    terminal    plutcs  lire  called 

rtntttft. 

Hocti  couplet  of  copper  and  zinc  may  be 
h-red  togetlicr,  and  thou  called  a  atuple, 

fiV,  or  lW/rtlV  flriitfnt. 

Other  metals  may  be  employed,  but  these  art*  good,  oonvenient,  and 
loip. 

7^^.  Varieties  of  voltaic  piles.— A^  Toltwe  piles  do  not  de- 

■1  any  imrlitnUr  f-trui  or  siilistaiioe^,  they  ha^e  been  made  in 

•rms  and  o(  vjiriiiun  materials     Thi-y  hnve  hwn  made  wholly 

miimal  inhstances,  and  entirely  of  vetfttabU  stibtitikDces,  as  disks  of 

L4nd  walnut-wootl  in  oimtat^t ;  it  U'ing  only  rcqniivd  that  the 

I    -^ubitJuices  act  cltemiciilly  iiiH>n  efich  other. 
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A  ]x>i'rectly  dry  pile  may  be  miule  of  ttinall  diskn  of  gilded  paper  inJ 
shoL't'Zino,  packed  in  a  gla&s  tulie.  Tbey  huve  htxn  made  in  this  vftj, 
cuiiHidtiiig  of  10,000  pairjj,  yiuliling  sparks,  cbar^ing  Leydcn  jars,  ritig* 
iiij^  bolJa,  ctc^  for  twenty  years. 

The  voltaic  ur  gulvanic  butterJeH,  in  use  at  tb«  prvseot  day,  are  T«iy 
different  iu  rorm  and  of&cieucy  from  tbcae  fonnerty  employed. 

Tbe  trough  baiteri/  was  siicct.-Mfii1.  It  was  with  one  of  thest^  liar 
Oftvy  made  hia  involiiable  and  immortal  discovery  of  the  metallic  baeM 
of  tbe  alkalies. 


7^.9.  Polarity  of  the  pile.— The  pile  being  insulated  and  tertfd, 
is  found  to  pysdera  electrical  tnjlarity, — one  half  of  the  pile  being  pon- 
tire,  the  other  half  negative,  and  the  middle  ncatral.  In  the  zinc  and 
copi)er  pile,  tbe  end  t*?nniiiflting  with  zinc  is  positive,  the  other  end 
being  negative,  M  indicated  by  the  tfigna  plus  and  raiuus,  in  Fig.  -13. 

The  tension  is  grrateat  at  the  extremities;  hence  these  are  UMii«t 
poles.  In  any  catw,  the  end  yielding  positive  fluid  is  ihe  potitiv* ptin : 
the  end  yielding  negative  fluid  is  t)ie  Het/aiive  po!e. 

The  pile,  therefore,  may  be  regarded  as  a  Leyden  jar,  or  deetriod 
battery,  perpetually  charged,  if  the  necessary  conditions  arc  maintftiwi 

TSO.  Electrical  currents  of  the  pile,— The  pile  manifests  ii« 
electrical  luuion  as  long  as  i.he  floctnMles  remain  separated.  1mt  if  theje 
UH>  brought  near  each  other,  a  small  spark  will  pus^  which  is  canM«) 
by  a  n>-cotnbination  of  tbe  two  fluids.  The  passage  of  the  spark  data 
not  discharge  the  pile,  us  in  the  case  of  the  Leyden  jar;  but  a  sncee^ 
rion  of  sparks  will  paas,  showing  that  the  process  of  decompoution  of 
eleoirieity  in  ihe  pile  is  constantly  going  on.  by  which  its  polet  in 
continimlly  supplied  villi  {xKitive  and  negative  fluids. 

If  the  vires  or  electrodes  are  bronght  into  actual  contact,  the  spuki 
oe«w,  but  tbe  flow  of  the  fluid  continues  the  same.  This  continuooi 
flow  of  electricity  is  called  ih«  elwiriait  eurrtnf. 

There  aiw  tiro  currents  of  electricity*  povitire  and  negative  (726), 
flowing  in  opposite  diiecHona.  For  convenience,  only  one  of  them  will 
be  considered,  namely,  that  which  flows  from  the  positive  to  tbe  ne^ 
tire  pol& 

7^-/.  Electro-poaitiTe  and  electro-negatiTe. — Tbe  twA 
tne!.*!*,  whi'n  plscwl  in  owntact,  are  said  to  be  «iectro-}>olariifti.  Th* 
one  giving  traces  of  tne  positive  electricity  is  said  to  be  fifctro-pofitin, 
and  the  other  fk<etn  ■jyirft'ps.  In  eaM  of  linc  and  copper,  the  lino  li 
«l«c<tn>-pasiiiTi'  and  the  ivpper  electro^negatire. 

Theaa  aiv  only  reiatm  terras;  u  the  sune  metal  may  be  electrw 
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itive   when   coupled  with   one  mc-tal,  and  electro-negative   vhen 
oonpltHl  with  another. 

In  uiiy  ciue,  t&t  eUctro-pofitive  metal  is  (he  w«  mo»l  etuti'lif  t-orroded 
oxydized. 

7S2.  The  differencd  between  quantity  and  intensity.— 

The  electricity  vv(j1y*.->.1  by  w  Aiw-^lt.-  vuitiiii'  i-uiiplc  i.-!  iNinsiiKnihli?  in 
fitaniity,  but  weak  in  inUnaity.  Electricity  prudnoed  by  the  nnichine 
ia  »mait  in  quantHtf.  but  of  high  tnmun  ;  that  ie,  cajiahle  tir  p&asing 
through  air.  but  producing  slight  clit.-mical  or  heating  e0ccl&  On  the 
contrary,  roltaic  ulvctricity  i«  great  in  quantity  and  itinalt  lu  inleuBitr; 
shown  by  the  fact  ilnit  the  thinnest  film  of  air  is  a  perfect  insulator, — 
and  BO  are  all  dry  wood3, — but  itj  chemical  and  heating  effects  »n? 
powerful. 

7SS.  Quantity  Inoreases  with  surface^  intensity  with 
number  of  pairs. — The  ijiiuDtity  uf  ehi-triciiy  iucrea^eb  with  tin? 
mrl'n<.v,  but  not  with  the  number  of  the  pain ;  hence,  to  increase  the 
quantity,  large  plates  arv  employed. 

The  tension  increases  with  th^e  nnmber  of  the  pairs.  No  greater 
qtMttiiiy  of  electricity  i*  nhtained  from  a  pil*  than  a  sinyle  pair  of 
plateSf  its  intensiiy  alojie  being  incratsed. 

7S4-  Amal^mated  zinc. — As  all  commercial  vine  con  tains 
more  or  tcjis  of  Inn-igii  Dubt^tunce^,  which  stand  in  the  olectro-negative 
rrlatiuD  to  the  sine,  it  is  nccessiry  to  ])rotect  them  fhim  the  action  of 
the  acid.  Otherwise,  each  particle  of  the  impurities  forms,  with  the 
Conlignons  iMirticlw  of  ainc.  a  niitinte  liattery  ;  which  rai>idly  corrode* 
and  roughens  the  surface,  and  correaiKtndingly  destroys  the  power  uf 
thp  whole  couplet.  This  action  of  common  zinc  ia  called  a  heal  aC' 
Hon, 

To  prevent  this  action,  the  freshly  corroded  xinc  is  rubbed  with  a 
litile  mercury,  which  covers  it  with  a  uniform  coating  of  zinr  am/ti- 
gum.  Thus  prepared,  zinc  maybe  left  in  the  acid  water  without  in* 
jury,  and  when  bronght  into  contact  with  the  other  metal  of  lliy 
battery,  it  becomes  far  mere  energetic  than  before.  Tliis  ziNC  amah/tnn 
is  indispensable  in  practioe. 

Batt«rioi. 

73o.  Smee's  battery  consittth  of  a  plat«  of  silver  coated  with 
platinum,  snspendcd  between  two  plniesofamnlgamated  zinc.  Therhnv 
are  attached  to  a  wooden  bar.  whicli  supjiorta  the  whole  in  n  tumbler 
partly  tilled  with  water,  acidul»t*d  with  yne-seventli  of  it«  hulk  of  sul- 
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phiiric  acid  (blue  vitriol) ;  or,  for  Ivse  uvtivity.  une-eixteenlh.     Thi-  ebs^ 

lrvde«Hrf  TiMlvtied  lo  the  zitic  and  silver  plates  by  mcuiu  of  smaU  sctvn, 

|.*i(.,  ^4,  The  quantity,  hul  not  the  iuivn- 

sitv.  of  thid  bultvry,  ia  very  gttut; 

and  for  rnnny  days  it  maJnlaine  • 

unifonn  action. 

7S6.  Figure  34. -The  sul- 
phate of  copper  battery  hii- 
gist*  of  two  concentric  cyliuilers  uf 
c-opiwr,  ee.  tightly  fioldercd  lo  i 
copper  bottom,  itnd  u  zinc  cylindur, 
z,  Htctng  iMttwccn  them.  Ttie  li- 
quid employed  is  a  solution  of  mV 
phaU'  cif  cupjwr  {l)luo  vitritd).  TV 
zinc  cylinder  \i  prevented  fruoi 
touching  the  copptr  by  me&us  4 
thre^  piece*  of  wood  or  ivory  (gat 
.shown)  pmjefititig  from  the  topof 
th*-  zinc  cylinder,  and  rtfliing  on 
the  ttip  of  the  outer  oop|>«-  cvUate 
Tim  electrudes  are  conoect«d,  one 
with  the  outer  copper  cylinder,  and  the  other  with  the  zinc,  u  repre- 
sented. 
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737.  Flg-ure  36.    Bohnenberger's  dry  pile  electroscope 
coneiats  of  two  dry   vohaio  pik-5  (7:iis),  amingt-d   iinUi-r  u  glit^-^  jfti. 
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hiiving  M«(n]i  org<>ld-leaf  or  a  pith-bull  easpenikd  bi'twetfu  ttteir  o|> 
iKisitf  poles.  It  iiml  H,  iwd  councctvd  with  the  rod  uiid  kiiub,  P. 

If  u  jK>sitiveI_v-flc*trifie(i  body,  S.  be  brought  mil r  to  the  knob,  P, 
the  gold-tcaf  will  bo  attracted  to  the  uegative  polt.  IJ.  of  the  electro- 
scope ;  but  if  u  iiegiitivelj-electritied  body  Ik  brought  near  to  the  knob^ 
the  gold-leaf  will  be  attracted  to  the  jtotiitire  pole,  R.     This  is  one  of 

^Kbu  notft  delicate  electroBCopee. 

7SS.  FlgTire  36.— Gtot«*b  nitric  add  battery.— This  U% 

powerful  Hiul  iiitt-n^  stistiiiiiiiig  battery.  The-  (inter  vec^aet  is  gla«s,  filled 
with  rnimsix  ttj  ten  parts  or  water  u>  one  of  ciulpbiiricuoid.  In  this  Aiiid 
U  plaei'd  an  lutmlgatiiatii-d  zinc  cylinder.  Z,  open  on  one  side.  a«  shown. 
The  iriucr  ve6t<el,  V.  is  a  |Htrous  jar,  filled  with  nitric  acid,  in  whioh  is 
,  immersed  a  pietx-  of  plulinuni.  I'.  The  porous  vessel  is  covered  to  keep 
down  the  fumes  of  the  acid.  The  oounecting  wires  are  held  by  bind- 
ing screws,  shown  at  the  tup. 

In  this  battery  there  is  a  double  chemical  action,  the  hydrogen 
being  engaged  hy  the  nitric  acid,  which  it  readily  decompoBes.  There 
is  therefore  an  Increased  flow  of  electricity. 

7S9.  Figure  37.— Carbon  battery. — This  battery  is  essen- 
tially like  the  one  last  described,  with  the  exception  that  carbon  is 
substituted  fur  the  piatinum,  to  save  ex-  Fw.  37. 

penfie. 

K  Is  on  earthen  vessel,  containing  di- 
lute Hulphuric  iu.'id  ;  Z,  a  zinc  cylinder, 
open  on  one  side,  htivingastrlpof  copper 
mldcrcd  to  its  upper  edge  :  V'.a  vessel  of 
porous  earthenware,  containing  nitric 
acid  ;  c.  a  cylinder  of  well-ciUcined  car- 
bon or  coke,  which  is  a  good  conductor. 
Id  the  top  of  this  cylinder  a  stern  uf  cop- 
|>er  is  inseTted,  to  which  is  soldered  a  strip 
of  the  some  metal,  which,  with  the  other 

^■trip  of  copper,  constitutes  the  electrmles. 

^m  As  in  tJie  Oruve  buttery  (738),  there  is 

^Kdnnhle  chemical  action.     Water  it>  de- 

HKtnqiused  in  the  outer  vessel,  giviug  its 
"xygen  to  iiw  line,  forming  oxyde  of 
ziuc.     The  liUrated  hydrog«?n  psisjiea  through  the  portniH  vessel.  V, 

I  and,  uniting  with  a  part  of  the  uxygcn  itt"  Ihe  nitrie  acid,  decnmposes 
il,  prodncing  waU'T.  ami  alw>  forming  nitrous  aoid.  which  csirapes  in 
fumes.     This  duuhle  action  developes  a  large  amount  of  electricity. 
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The  carhun  u  the  positive  and  the  stno  the  neg&tive  pole  of  th<>  ooupiei 
Thi'  positive  Quid,  therffure,  puses  rrom  the  uarbon  to  the  sine. 

740-  Figure  38. — Batteries  of  two  or  more  couples.- 

Auy  iiuinlier  of  couplud  uia)'  be  uuited  by  attachiog  the  copper  strip  of 
the  linu  cyliniU^r  in  one  couple  to  that  of  the  carbon  in  the  neqd 
euuplc,  and  ao  on  throughout  the  combination.  The  remaining  tn 
Htripi),  which  will  he  one  on  the  llrat  and  the  other  on  the  last  cooplr, 
may  he  united  by  a  conductor. 


Saob  a  nombiiiatioD  is  shown  by  the  figure,  consiating  of  flxtcn 
Carbon  Itatlt-ries,  the  view  being  from  above-,  looking  down  npori  Ibr 
coniliiuatinu. 

The  outer  circle  of  each  conple  represent*  the  outer  veswl ;  the  urn 
oirule,  the  xino:  the  next,  the  vessel  containing  the  acid;  uid  Uir 
central  circle,  the  carbon. 

It  will  Ik-  noiiivU  tliat  the  carbon  in  all  the  couples  is  marked^" 
(4-),  showing  Umt  the  (Njsitive  fluid  passes  from  the  carbon  to  Ih^ 
line;  and  that  thrstriiis  are  marked  minng  (— ).  where  they  jointk* 
line,  showing  tliat  the  ttfgative  tlnid  pasaee  from  the  xino  tu  the  catliiei- 

74  i'  The  electro-motive  force.— By  the  eleotro-mottve  frri 
if  nu'jinl  the  tmii  w  which  gives  ri*>  to  the  electric  current,  which  is  llw 
o^ydtttton  of  till'  sine  ;  in  other  wotd^  the  chemical  action. 

74^.  RMistaaoe  to  the  current.— IIk-  elecfrio  current  mv^ 

praOPMl  U»(  ohl>  .lUtliif  Iln-  *-viiiiir«.ttUg  win?,  fnim  jNil^-  to  pole,  1*01  »1*^ 
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through  the  couples ;  henw,  thurt-  is  a  resistance  to  the  flow  of  the 
jCnrrent  exterior  to  wid  wilhin  the  appanrtus. 

^1  74^.  Laws  determining  the  force  of  a  voltaic  current. 

^f  lit  Thf  fleet ro-inuiivt  force  vuriirfi  with  the  mimUtjr  of  tin*  fleine]it« 
'    or  pairs,  the  tutore  of  the  metals,  and  the  nature  of  thi'  liquids  which 
constitute  the  elements:  but  it  does  nut,  in  anj?  manner,  depend  on 
the  dimenaions  of  their  piurtg. 
^L    W.  The  reniatanee  of  each  element  or  pair  is  directly  pn>iK>rtiotiiiI 
^Ro  the  ditftuuix*  betwfeu  the  plates  wltUiu  the  liquid,  the  iveiatanee  of 
the  liquid  itself,  aud  the  length  of  the  wire  completing  the  circuit ;  and 
iiiVt-riieK  pro{Mrtional  to  the  Aurface  of  the  ]>tat>-(i  in  contact  with  the 
liquid,  and  to  the  section  or  size  of  the  connecting  wire. 
^B  .Id.  The  force  of  the  current  is  equal  to  the  electro>motiv«  force, 
^Hirided  by  the  resistance. 

744-  Diffei^oDLce  between  static  and  dynamic  electricity. 

— The  natUH'  of  electricity  ta  the  same,  wheth«r  it  be  produced  by  fric- 
tion, chemical  action,  or  other  means. 

The  difference  hetwwn  frictitwrnl  electricity  aud  that  evolved  by 
chentical  action,  consisLs  in  the  low  tension  and  tjre<it  quantity  of  the 
btler,  oa  compared  with  that  of  the  former.  Aud  to  thiit  difiereuoe  is 
due  the  wide  differouce  of  effects  caused  by  electricity  produced  in 
leee  two  ways. 
For  example,  it  has  been  demonstrated  that  a  miniature  voltaic  bal- 
Iftry,  consisting  of  two  wires,  the  one  of  zinc  thi-  other  of  pintinnm, 
6ve-eighthii  of  an  ineh  huig  imd  one-e^ighth  of  an  inch  diameter,  excited 
by  one  drop  of  sulphuric  acid  mixed  with  four  ouuceu  of  water,  will 
liberate  us  much  electricity  in  three  seconds  of  time,  a*  can  be  obtained 
by  an  electric  battery,  having  y,o(>l)  square  inches  coat«Ki  surface,  and 
fliargi.'d  by  30  nsTolutions  of  a  platf-glas*  mat-hiue  50  inches  in  disni- 
v\vr.  This  quantity  of  electricity,  in  a  stat*  of  tension  given  by  the 
machine,  would  kill  a  Kmall  .tnimal,  and  ycc  it  is  evolved  by  the  solu- 

[in,  of  almost  un  inapprociablo  portion  of  the  zinc* wire. 
^Pl>  I.ICATIOKH    OP    VOt.TAIC    OR    (lALVANIC    ELBCTBICITT. 
Sftcta  of  the  Voltaic  Battery. 
74^.  ^^6  effects  of  the  voltaic  battery  may  be  divided  into 
I      rnyeicttl.  Clivmieal.  I'liysio logical,  and  >iagnetie. 

The  etfecis  of  dyuamiwil  or  vullaic   L-ti-ctricity  are  all  due  to  the 
bination  of  Itie  two  fluidi*,  v-a  in  statical  or  friotional  electricity; 
,t  they  are  mure  energetic,  bec-aust-  of  their  eontininm.s  action 
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Pbyaical  Effects. 

74f>-  FiRure  39.— Illuminating  affects.— If  the  elei'trodwitr 
a  powerful  baltcry  be  leniiiimtiHl  willi  iwitita  of  well-bamed  cbonxul. 
and  brought  insensibly  n^ur  to  eacb  other,  tbo  points  will  inuncdistiJi: 
beconie  iiicuuileSL'ent,  eiaittiug  a  liglit  of  dazzliug  brightness.  If  V\k 
]K>mta  arc-  slightly  dt^purated,  tbt*  curr«ut  dtill  cuitliiiuvii  tu  pasa  betweru 
them,  and   the  light  takes  the  form  of  a  luminous  arcli,  called  tfae 

The   figuri*.  tuken  logclbfr 

with   Fig.  38,   will    aerve  » 

illueitnit^;  the  uppursttM  on- 

[iloycd  for  illuminutiLg  stwb. 

parks,    etc     with    clit-incil 

light.     A  EQitable  colamn.T. 

liupimits  the  eleclnntes  of  \W 

battery  ;  the  wirea  being  mso- 

lated  with  gutta-percha  coth- 

iiigs.     A^  one  of  the  charcotl 

points    slowly    wnstca   iivi;r> 

while  the  other  in  somewbtf 

eloogAted,  provision  tB  nude. 

by  means  of  clocik-work  (iwi 

shown ),  for  keeping  the  poinu 

properly  adjasted. 

An   electrical  light,  famished  by  a  Iwttvry  of  48  carbon  ootipU* 

equals  that  of   hVi  wax   wiiidles;  the  light  produced  by  100  couplM 

danzles  the  eyes;  and  that  furnished  by  6(>0  coupler  is  ao  inteoacthat 

it  is  as  impossible  to  look  at  it  as  it  is  to  look  at  the  noonday  finn. 


747.  Figxire  40.— The  Toltalc  arch.— The  6gnre  repreaodi 
the  charcoal  points  which  are  conue«t«<l  with  the  battery  (746).  Tk 
curved  linos  show  the  form  of  the  aroh  of  electrical  flame,  a  white  ud 
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Ti<^  light  of  ititoleniblo  brightness.  seTeral  inches  in  length,  if  the 
battery  \*  rory  iH)werfHl. 

As  this  flame  is  even  mure  brilliant  in  a  racuum  or  in  nitrogen  or  in 
earhonio  arid,  it  follows  that  it  cannot  be  proihu-^  by  the  conihostion 
«f  the  carbon  elcctrodt>i    The  action  is  accompanied  by  a  hiaain;  *> 


suscrnivtrr. 
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■P  Hooml,  cBiift'd,  *Ioiilitlfr**,  by  the  removnl  hikI  tPfttiBportatioii  r«f 
3r«  of  cartion  from  tho  poaitire  to  the  nt-gativi-  eU-ctriKlf, 

^74^.  Flgiire  41.— Tho  oval  form  of  the  Eurch.— If  the  enr- 
oll dccirtKU':!  aro  verticul,  and  the  iK<guti%'c  one  u]){>vrm<)st,  the  urch 
ni  take  att  ov»l  rorm,  lu  shown.     Ky  iimjieuting 
in  o\ul,  tlirou;;ti  colored  gla«ee«,  the  {lartlcIcA 
'curbiMi  umi  be  seea  moving  from  the  poAtivo 
"to  ibe   ucgutive  electrode.      When  the  image  is 
projected  on  n  scrweii,  tho  growth  of  the  negative 
and  tlitf  decreiue  of  the  poBltive  electrode  can  be 
lily  oliHcrvfd.    The  negative  carb«m  seems  to 
>w  tirsi,  bat  dooii  the  positive  b<«omfS  and  re- 
kins  the  brighUwt  part  of  the  light    There  is 
aeeii  in  thia  form  of  the  i\n-\i, »  f.-f  rtain  Btriic- 
in  sones  or  bands  of  diB'ert^nt  brilliancy,  as 
itnx  by  ibe  ptuiu  lineii  ia  the  figure. 

Th*  arch  in  matjiftic,  that  ia,  cupablo  of  influencing  the  magnet  If 
lagnet  bo  brought  ueitr  to  th«  oval  arcti,  the  flAme  ie  deducted  to  one 
r,  u  shoa'n  in  Fig.  45. 

743.  Figure  42,— The  shape  of  the  electrodes.— If  t-he 

'rbon  olectrudes  be  shaped,  at  first,  both  alike,  as  sliuwn  in  P'ig.  iO, 

-J-       2       ^^"^'y  "'■"  gradually  take  different  ahai*ea:  the  positive  one 

taking  the  fonn  of  a  cup,  and  the  negative  one  remainiug 

pointed,  as  shown  in  the  £guro. 


Fi..  ja. 


7'?0.  Properties  of  the  electrical  light.— Tlie 

intensity  of  tbr  oli^otrical  light  ricpendu  more  on  the  flixo  of 
tht!  individiiul  eonple^  or  members  of  the  jiile  tliim  wi  iheir 
nnmlHT  The  light  is  uupolarizMl;  it  explodes  u  mixture 
uf  hydrogen  and  tihlorine;  ucia  on  (^hh>ride  of  silver  and 
otiier  pliotogruphic  preparations  like  thi; 
sun.  OagnerreotrjMai  ore  taken  with  it; 
and  for  takiug  microacopio  photographs, 
is  preferable  to  jolur  light 

7 '7  /.  PigHT©  43.— Heating  eifecta.- Defla- 

Ltion. — The  houi  |irn.!uc<-d    l-y  a   powrrful  bai- 
rr.  3tty  of  600  eooples.  ia  so  intense  thai  even  pure 
rlKm  hax  been  Roftened  by  its  power.    Whpii  a  rnr- 
nl  iif  voltaic  elcctriritv  pasi(«»  throngh  a  conductor, 
*ft  ht»t«  it;  and*  according  to  the  power  of  the  bat>- 
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tery,  it  becomes  t'nsed  or  even  vapuriaed.     Small  vires    bam  vHli 
epleudid  lirillmncy. 

When  the  positive  electrode  is  formed  into  a  Binall  crucible  of  cwbon, 
&,  tu  ehowi)  ill  the  figure,  gold,  silver,  platiiitim,  and  other  subgianott^ 
arc  readily  fiisetl,  deflagral<'d,  or  volatiliwd.  Milver  bnriis  with  a  gnea* 
ish,  and  gold  with  u  bluiiih-white.  light.  Platinnm,  infuaibic  io  xht 
botteat  rumacc,  iiieltti  into  (fjilif  rical  gh)hiiles  with  a  dazzliug  light. 

Oh«iiuc*l  SfflMts. 

753.  Decomposition. — The  most  important  chemicnl  effects  or 
voltaic  ur  gulvuuic  electricity,  are  the  decompoKition  of  bodies  tisTentit 
by  it,  and  the  transportation  of  their  element*.  Deoompoeition  by 
means  of  electricity  ie  one  of  the  most  valuable  modem  disooveriei, 
yielding  some  of  the  richest  gifts  which  abstract  science  ever  bMtowed 
u]>on  the  practical  arts  of  life. 

75S.  FigTiro  44.— Method  of  electrotyping. — This  is  a  pw- 
c««e  of  casting  luetaU  without  htat :  or  the  copying  of  medals,  datiu^ 
type,  and  the  like,  iu  metal,  by  tlie  aid  of  voltaic  electricity. 

Pio.  44. 


T  r. 


The  battery  shown  in  the  figure  differs  fi-om  the  (»rban  butt«i7> 
Pig,  3?  {739).  by  bavitig  a  cylinder  of  xinc  sabetiiuted  for  the  cariwD, 
and  a  cylinder  of  c^ipp^r  in  place  of  the  linc.  The  outer  ve*»el  ii  of 
fUsfk  and  tfl  lUlcd  with  a  aolmton  of  copper  (bine  vjtriol),  which  ii 


BLKt'TRICirr. 


:ifl3 


Itrtpt  eattirated  by  crystals  of  the  mlphat«,  R,  pliuwl  in  ihv  boiunn  of 
iL*  vused.  Thu  poruus  veafiel  (wataining  the  ziiic)  la  fllk>d  witli  dilute 
ilphuric  acid  (oil  of  vitriol). 

lliM  oxygen,  reifuUing  from  the  decomposition  of  the  wiiM-r,  gws  (o 

i«  zinc-,  furmiug  oxydt*  of  zinc,  which  is  diiMutved  |j_v  Viw  sulphuric 

>id.  giving  itnlpluite  of  zinc.    Tlie  hydrogen  goes  to  the  sulphikte  of 

:i|>|iit!r  and  decomposes  iL    These  chomieal  nrtiona  k<«p  up  th«'  electric 

~i<iirn.'til.  ns  shown  by  the  hitow^  which  will  (^ntinuo  us  long  u  the 

iUUl<-r  vt%b4il  \a  Bupphed  idtli  sutarAlcd  solution  ufBulphaCe  of  sine. 

Preparing  the  mould.— To  prwluce  a  metallic  duplicaic  of  uu 
)bj«.'t,  iw  a  im-ilttl,  A  w ix>0 -cut,  or  a  fonii  of  ty|n;,  it  ia  fintt  nviM.'ieiary  l<i 
pn-|<«rv  an  accurate  mould  of  th«  object,  made  of  some  material,  u 
piaster,  wax,  or  gntta-perchu.  which  will  resist  the  action  of  the  iicids 
fvmployed.  Powdered  black-lead  is  first  nibbed  on  the  wood-cut  or 
other  object,  to  prevent  the  warm  wax,  or  otlicr  plastic  substance,  from 
■ticking.  The  wax  is  then  prvsaed  upon  the  engniviiig.  or  object  to  be 
•  M|,ird.  until  it  touches  every  [>arL  After  liardeuing.  ihe  mould  is 
n-moved.  and,  to  render  it  a  good  conductor  of  electricity,  it  is  coated 
»ilh  |N,twdered  hlnck-leatl  The  mould,  thus  prepared  to  receive  the 
nutid,  is  made  ready  for  the  bath  by  attaching  it  to  suspending  wires, 
an  shown  in  the  nppi-r  part  of  the  figure. 


Method  of  depositing-  the  metal  upon  the  mould.— A  is  a 
filled  witti  a  <ioliitiou  of  i<ulptiBt*- of  copper:  T  and  II  aR-  nifLatlii; 
cummuniealing  with  the  two  {x>1es  of  the  battery:  the  mould  is 
■peadtid  from  tbti  rod,  II,  and  facing  it  is  a  pUte  of  pure  cupper,  sus- 
■iidi-J  n .    I         1 1  .d,  T.    The  mould  und  the  plate  of  copper  con8t)t4ile 

two  r -..  ihe  mould  Wiug  the  negative  one. 

The  ckotrto  current  of  the  battery  piuwing  through  the  Bohuion« 

the  copper  plate  and  mould,  decomposes  the  sulphate  into 

(rif  aeid.  o/^ijfu,  and  pure  copper.    The  m-id  and  oxygen  go  to 

•  poAtire  electrode,  aud.  uniting  nilh  the  copper  platts  produce  sul- 

'  nupper;  the  copper  goes  to  the  negative  electrode  and  is  there 

1  on  the  mouItL     In  two  days,  or  so,  Ihe  coating  of  cop)KT  is 

Bcicntly  thick  Ui  U'  n^moved  fnim  the  the  wax  mould.     If  the  mould 

perfect  ihe  (au>ttng  wilt  be  a  perfect  bc-similo  of  the  objecL 

If  the  object  copied  be  a  form  of  type,  or  a  wood-cut.  the  meUlHo 

:ipy.  U'ing  nailed  to  a  wooden  block,  will  serre  to  print  from  1(K),000 

'ifMftXM)  iiupressions. 

The  positive  electrode  should  be  of  the  same  metal  im  that  in  sola- 
>».  and  09  larjjv  as  the  snrfa<;e  ('■  1"  ■  ■"  ;ind  lh«*si-  )i|ionld  not  be 
L-r  than  til-  I'laJen  of  th.-  Iintl<,r\  w^  tlii-  ciirnnL 
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754-  Electro-grilding-  and  electro-plating'  consiat  in  corer- 
iuff  bodies,  aa  spoons,  waiih-casi's,  etc,  with  gold,  silver,  etc,  by  a  pru- 
tJe«H  similitr  to  that  of  elect rotypiiig.  The  object  to  \m  plated  is  6rrt 
tliuTouglily  Heaiifud  and  tln'ti  onsjK^nUed  in  »  solution  of  tJie  meUl 
with  which  the  object  ia  to  be  plated. 

75S.  Figure  46.— Voltaic  decompoaition  of  water.— 
Water  is  composed  of  oxygen  and  hydrogen  giw^js.  in  the  pruportjon* 

of  one  meusure  of  the  former  to  two  of  thr 
latter. 

The  prooee*  of  decomposing  water  by» 

voltaic  current  ie  ([uite  simple.      Twoglaw 

tubes,  lilled    witli  water,  are   inverted  in  a 

Tf88fl  of  water.     The  vessel  lias  h  wooili^fi 

liiiluim.  through  which  the  electn)de«  of  tie 

buttery  are   iMiased,  »o    as    to    enter  tlie 

months  of  the  tubes,  M  seen  in  the  figiue. 

To  increase  the  conducting  power  of  lie 

wat«'r.  n  small  quantity  of  sulphuric  lod 

is  added.    The  eiectro<le«  are  platinam  or 

gold,  otherwise  the  oxygen  would  coaibtoe 

with   one  of   them.      When   the  corrent 

jiasses    fi-om   one   electrode    to    the  othM, 

through  the  water,  the  decompositioo  b^ 

giuis,  as  shown  by  the  tmbbles  of  gas  risii^ 

in  the  two  tubes.    The  oxygen  rises  in  the  tube  O  over  the  posiilw 

electrode,  and  the  hydrogen  in  the  tul>e  H  over  the  negative  elvetrodi!. 

The  gases  are  pure,  and  their  volumes  are  aa  1  to  3,  as  indicated  Iw 

the  height  of  the  water  iu  the  tubes. 

The  rapidity  of  the  decompoaition  depends  upon  the  intensity  of  il» 
onrrent. 

7li6.  Pigiire  46.— Deoomposition  of  salts.— Fill  a  glaa  I 
tube,  »6  repivsonted.  with  a  solution  of  dome  neutral  salt  (as  aulphat*  * 
of  soda),  and  color  the  solution  with  an  infusion  of  litmot  (blue  c^ 
bage>,tben  passavoltaic  current  through  the  saline  solution, by  dipping 
the  platinum  electrodes  into  the  two  arma  The  dissolved  salt  will  be 
decomposed,  the  acid  constituent  passing  to  the  positive  electrode  in 
the  ann  R.  and  the  alkaline  U.>  the  negative  electrode  in  the  arm  K, 
as  will  be  shown  by  the  infusion,  which  turns  red  by  the  acid.  aii<I 
green  by  the  alkali. 

The  whoh'  liquid  will  He  turned  to  red  and  greeu.  The  arrows  indi- 
cate the  |ia»dage  of  the  constituenia.     If  tlie  positive  etecttxtde  be  pUcetl 
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th«  arm  K,  and  the  negative  in  the  F">.  4«. 

rm  R.  the  constituents  of  the  aalt  will 
tranflposed  in  the  tube,  ua  ehovn  by 
)f  ml  tumiug  to  green  in  the  ami  K, 
■Dtl  the  RTwn  tarning  to  red  iu  llie  unn 
K. 

Id    all    decompontion  of    eubstitoces 
antai&tug  acid  and  an  alkali,  the  acid 
ppears  at  the  {Kisitive  and  the  alkali  at 
ie  negative  clectroiU-. 
\n  all  rtdueiion  of  the  nutals  from  the 
slutioD  of  n  metallic  xalt,  the  lu^id  ap^koars 
fti  the|M)sitivL>,  nnd  the  metal  at  thenegu- 
~lve  ele^-iroile.    That  ia,oxygtn  and  the 
titU  ajfptar  ai  the  pwUive^  hydrogen  and 
melatu  at  tht)  negative  ehctrtnle. 
Whenever  ft  comiiound  19  decomposed  bv  olectriciiv.  W«><Vro-ii«7fl/it« 
iioaent*  appear  ai  the  positivSt  and  the  elector-pMitin^  at  the  negaliv* 
ttrode. 


7S7.  The  quantity  of  electricity  required  to  produce 
chezoicaj  action  is  enormous.— It  lias  Wen  demunstraied  ihat  U 
III  dfi-uniiKJM-  uiie  ijrain  of  wuier.  an  amount  of  frictional 
'    eqimi   to  that  furnished  by  the  dittuhargv  of  an  «lM'lhe  pane 
iriR)f  thirt/-two  acres  of  surface — "  i-^ual  to  a  very  pofferfiit  thuh  of 
itnibg." 


Physiological  Xflbota. 

7SS.  The  phyaiological   effects  of  the  voltaic  current 

ppend  Mpuii  thf  uunibi-r  of  the  (.-k-nu-nts  or   pairs,  nitlKT  than   their 

No  Sfiisuiitin  18  fell-  with  dry  haode.  from  one  or  eren  a  small 

imlker  of  pairs.     From  ilfte^n  carbon  couples  a  smart  twinge  is  felt, 

\ns  to  the  shoulders.    The  H-nsiicion  is  nor  like  that  pritduced  by 

el'Vtxicity,  bring  I'onlinuona  and  less  severe.     It  iii  only  at  the 

■king  and  breakingof  the  contact  thnt  the  skwk  is  felL     The  eur- 

It  from  a  very  powerful  battery  becomes  painful  and  duugeroua  and 

lataL 

The  eflV^t  of  the  voltaic  current  on  bodies  of  dead  auimals  is  petTM* 
"fViiig.     It  causes  violent  iTontmctions  of  th»>  muscleii.  siniilar 
( livinic  bcingn.     Kii|MTimrnli<  have  b(*n  pi-rformfd  u|»on  thr 
^U«)kii  of  eriniiiiiiU.  whieb    rf-snlli-d    in  eaUAini;  tin-   lung:!*  to  act. 
to  tiprn.  thr  lips  10  move,  thu  body  to  writ  hi',  and  th**  focv  to 
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coiiu>rt,  ussuming  exprcssiong  stmngc  and  boirifying  bi>joDd  dc*cri]v 

iicm. 

C'uiitact  will]  bill  Olio  or  Die  gnjlcfi  of  tlie  bultm'  pmdnecs  uo  effecL 
A  gCQtlo  current.  haEt«ii£  the  gc'inuoatiou  ul'  &eedfi  and  gnmtli<i( 

plants. 


CHAPTER   XVI. 


GLETTRO-D  Y  H  AVICa. 


BLECTKO-HAUKSTICM. 

759.  Relation  between   magnetism    and  electrioi^.— 

Magnetiu  and  I'lwtric  flnid«  Imve  iiiiuiy  :iiiiilugi)U(i  ])roperUo8.  In  aeli 
case  Quids  ol'tLe  same  name  repel,  whilst  those  of  an  oppoeite  oior 
nttrauU  A  stroke  uf  lightnlug  oflea  reverses  the  poleti  of  magneta,  uJ 
Someti[ue«  destroys  magtiutism.  They  havu  also  jmiiits  of  diseimilAntr. 
Magnetic  fluids  are  not  trunsmitted  throngh  conductors  a«  clectriol 
fluiditare.  Magn«t«  dn  not  return  to  a  n<;utral  state  vben  brought 
into  contact  with  th&  earth.  MAgn<?ti9m  cau  only  be  developed  ii* 
fi'W,  wliL-rens  eltfctririiy  may  Ih)  dfVoUiped  in  all  bodies 

With  such  analogies  on  the  one  hand,  and  disgimiloriciee  oc  lii? 
other,  nothing  cunclusire  could  bp  affirmed  respecting  the  identity  of 
tlietH.'  two  wonderful  agents,  until,  in  1819.  £r8t«d  discovered  thatlhi? 
ftiv  intimately  allicfl.  if  not  identical. 

760.  ErBted's  discovery.  —  Though  many  philosophen  W 
sought  t[>  i-volvt::  tilt.-  pheiiomcn»(if  magnetism  Irom  the  voltaic  battcr^^ 
Hiey  had  exjierimented  without  connecting  the  iwlee.  Ergted  simiJj 
ehfvd  the  battery  rircuit  bi/  n  conductor  ;  a«//  dUc«vtred  at  ma  Oti 
imjmrtani  fact  that  wire  {of  whatever  metal),  fonntcting  the  potes^tilii 
upon  the  inof/netic  ueedin  as  if  the  tirire  itseJf  icn-f  a  magnpl. 

This  constitutes  the  discovery  of  the  fundamental  principle  of  ek^- 
magnetism. 

761.  Figure  47.— Action  of  an  electric  current  tipona 
magnet  or  needle.— II  pogitive  electricity  flowa  from  south  toDOrth 
over  II  horizontal  win.*  placed  in  the  magnetic  meridian,  a  ue<?dle  wonlil 
have  its  north  end  dettecl^-d  to  the  ivexf,  if  it  is  placed  behw  tlie  wire! 
and  to  the  caitt.  if  placed  abort  the  wire.  If  the  needle  is  planed  on  dw 
tojtt  siiie  of  the  wire,  irs  north  end  ia  deprtMed,  if  on  the  west  sidt  of 
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the  wire,  the  north  end  of  the  needle  t8  raigetl.     If  the  current  pu*«i-d 
fDm  the  nurth  to  the  south,  the  mov^uients  of  the  tievoLle  are  at)  ruvereed. 

By  meaiirt  nf  tlie  rvctaiigle  sur-  Fio.  47. 

rounding  tbt-  needle,  iu  Ihi-  Hgure, 
the  earreiit  uan  W  sent  abovt^,  or 
below,  or  above  »ud  below,  the 
needle,  by  changing  the  ounjunc- 
tiTc  wires  in  the  connecting  tiock- 
eta  at  N  and  S. 

If  the  carrent  piuees  around  above  and  hrdow  the  needU*,  in  nppoinite 
diret'tiontf.  the  ojipo^iU:  currents,  insteud  of  neutratizing.  will  iissiat 
each  other,  and  the  needle  will  move  iu  iiucurdanut-  with  the  lirst  di- 
Tection  of  tho  current.  OaWanometers  are  couatructed  upon  ihia 
principle. 

7GS.  PifiTure  48.— Galvanometers  or  multipliers.— 'Jal- 

vanometerK  iire  instnimei)t»  for  measuring  the  force  of  vli-etric  cuiTtrutg. 
As  jnst  stated,  the  force  exerted  pj^  ^ 

npon  the  needle  \n  great^-r  when 
ihecurrent  is  parsed  oncearaund, 
'  inBt«ad  of  simply  over  or  under 
iL  It  is  also  true  that  the  force 
is  mnltiplietl  in  proportion  l-o 
tile  nunilJLT  of  times  the  con- 
dnctiag  wire  is  passed  around 
the  needle. 

The  "figure  reprcaetita  a  coil  of  copper  win-,  niaking  lliirty  or  forty 
convolutions  around  fhe  nciidle,  N,  tho  win.-  being  liret  covered  with 
silk  or  cottou,  like  common  bonnet-wire,  for  the  pur{)oiie  uf  insulating 
it,  A  gmduiited  circle  in  fixed  on  the  stand  or  bottom  board,  to 
measure  the  amount  of  the  deflection.  The  coupling  sockets  serve  to 
connect  the  ends  of  the  coiled  wire  with  the  poles  of  the  batt*r}',  the 
arrows  intlicating  the  direction  of  the  current. 

By  this  instrument  a  feeble  current  becomes  quite  sensible.  For 
particular  purposes,  and  when  the  current  is  very  feeble,  many  thou> 
sand  convolutions  of  tine  wJn^  aric  employed. 

TG'S.  The  directive  action  of  the  earth. — In  all  experiments 

the  ueedle  is  more  or  ies:<  yoveriieii  Ijv  tli*-  ni;igiietie  force  of  the  earth, 
which  must  be  neutralized  in  the  experimental  needle  in  order  to  hc- 
curately  estimate  the  force  of  elecLrir:al  currents  ;  for,  before  the  n«*edle 
can  he  movc-d  by  the  ciin-ent,  it  must  first  exerr  a  force  equal  to  that 
tert^d  upon  it  by  the  earth's  ma^netlHrn.  This  directive  force  of  the 
th  is  overcome  bv  what  is  called  the  anifi/ir  mviile. 
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704-  Figure  48.— The  astatic  ne«dle  consistaof  two  ncedki^ 
|ilact?ij  luiU  lielU  uue  ubovi-  Ltic  uilii--r.  with  tlieir  pules  reversed^  aa  indi- 
P,^  ^y  i-utvd  bj  the  gigne  pine  »nd  miuui. 

Tliis  iie«dle.  as  ahown  iii  Fig.  ^' 
((>34),  i«  suspended  by  a  fiae  Gbn 
of  niw  silk.  The  two  needle*  an- 
iiiadcso  nd  not  to  quite  ncutnltie 
C'lich  other,  thus  giving  the  STBten 
II  rilt^hc  directive  force.  While  tiiil 
needle  18  thus  rendered  iienrlr  neutral  ait  to  the  earth's  niugiieLtsn,  it 
id  iioi  therehv  rendertHl  lt'88  ix-BiKjiieive  to  the  electric  current,  w  txjtii 
needles  tend  to  turn  in  the  Baine  direction,  in  oonsequcnoc  of  one  twi^g 
ipi'MtM  and  the  other  abom  the  coil  or  bend  of  the  wire.  Hence,  the 
astatic  tietdle  ia  indifferent  to  the  influenof;  of  the  earth,  and  verymi- 
aiiive  to  electric  cunx-nts. 

7^,7.  The  electro -inarnetic  force  ia  exerted  In  a  latanl 
and  tangential  direction  ui  ihe  i-U^uirir  uunvnt.  The  eloctfih 
magiietiii  citmiiii  or  forou  movos  at  right  angles  to  the  course  of  tbe 
wnjuuctive  wire. 

A  sewing  needle  or  a  bar  of  «ofl  iron,  held  tertically  on  ont  side  «r 
the  wire,  iuetautly  become*  a  magnet,  with  ite  north  pole  toward  the 
earth.  If  the  l>ar  or  needle  W  held  vertically  on  the  other  sideol  tlw 
wire,  its  polarity  is  instantly  reversed.  !f  the  bor  be  revolTed  aromid 
the  wire  in  a  vertictil  ]ilane,  at  right  angles  to  the  vire  or  current,  it 
rvuiins  its  |Mlarity  in  fvc-ry  position.  If  it  bo  a  steel  bar,  it  rotaiutiU 
magnetism  after  the  current  ceases. 

The  relation  of  the  electr« (-magnetic  and  the  electric  currents,  alrtw 
expUiuod,  will  be  more  easily  remembered  if  thus  stated:  Suppose rt' 
ftotitive  rlectric  eurrtnl  or  wire  lo  tntfr  the  fui  and  pa»s  out  of  ttf 
head  of  the  ob^errer.  his  fare  brinf/  lurned  toward  the  moffnet,  then  ih» 
north  futtf  of  the  magnet  i*  imvriahitf  de^fiected  to  thr  left. 

Wlien  a  magnetic  pole  is  influenced  by  an  electric  current,  ii  doM 
not  move  either  (tirecttff  totcard  or  dirtvti^  from  the  conducting  wiff, 
hut  it  tends  to  rulati-  amuud  it.  showing  that  the  nuignetic  forei;  of  the 
electric  cunvnt  is  exerted  in  a  direction  taug^itial  to  tlie  oondnctiig 
win?  or  current. 

TOO.  Ampere'a  electro-mafiTietic  theory  auppone^  tnagad' 
i*m  to  be  iltif  to  i-urretit.1  of  electricity  fiotring  anrnttd  the  uUitnoU 
mohrtileA  of  n  maijHei,  idtrtt^s  iu  the  same  dirtrJion.  Or,  dilTereDilf 
stat«>d.  we  may  imagine  each  of  the  magnetic  molecule*  to  be  replaced 
by  a  wnjnuctivu  wire  bent  on  it«clC  iu  which  a  constant  current  of 
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cricitT  ifl  nuuntdinwl,  as  from  a  butlurj.    The  interior  cnm-uU  iiru- 

Kiing  each  olKot;  the  totAl  cfft^  i«  the  shiuv  im  that  of  n  Vft  nf  tnr- 

cnrrn'-nla  fltiwing  Hr«ntid  rhr  magnet,  in  the  tlirvc-tioo  of  tht-  hunds 

'  u  wutcti.  if  till!  Atiitl)  L-ntl  uf  the  miigiiet  in  pltic-etl  a^iiist  thf  hiu'ii  uf 

Ibf  «-itLi*h.  all  Miting  uL  right  ooj^fs  in  the  axis  uf  tht;  niugtut. 

Hvni;i-.  ae  thu  nuif'nrtto  iiutilK'  Htrivfs  tu  plow  it^lf  at  right  aDgU« 
Ihc  path  of  thu  currvat  oa  the  ooujuuetive  wire,  it  rollowa  that  cur- 
rrmti  of  the  mnynvt  veek  a  jMralielitm  to  that  in  the  conjunctive  wire. 

767.  Figure  60.— Mutual  action  of  electric  current*,— 
Id  Kcordanci!  with  I  he  thtMn-  just  eUAcd,  jutraUtI  vurreMijt  aUraci  each 
^^htr  when  theyflntp  in  the  mme  direc- 
^Kmi ;  mad  repel  meh  other  wktn  ti*tf 
^■fifir  IN  ufipotHe  directiona,  Tbvw 
^^w.'t«  mav  Itf  ilcmuiiritral*^  by  means 
^Hf  a  fioating  current,  vbich  but  he 
^^ividurwl  hj  flxiiig  &  pi^c*  uf  zinc  and 
_u  piL'oe  of  ooppi-r,  7.  unci  f\  in  u  disk 
fluut  (if  oiirk,  uiid  nmiu'L'ling  tlif 
lutalil  with  ■  wilt-';  phiciii^'  thu  whole  in  ii  diiJi  of  a(-idiilutt>d  wut^r.  nil 
iiiwn.  Along  the  eoiijuuctive  wire  will  fliiw  an  clffitrii-  lairruut  frmu 
ic  copper  to  the  zinc.  If  now  u  wmjiinctivt*  win-  uf  a  Iwtlery  bu 
trctch<:d  b«t-we«'n  th«  two  hniid»,  iiud  held  pHmllel  to  thv  ooujiiiK'tiv« 
Irf  of  the  floating  conplc.  a£  shown  b}*  the  )<mg  urmw.  vith  the  cur- 
cold  flowing  in  oppogitt'  diructions,  aa  indicated  by  the  ik^Teml  arniwa, 
ie  repulsion  will  Ite  niaiiifi'Bte<l  h>  the  muvetnent  of  ihe  fliNitiiig 
mple.  If  either  current  be  reversed,  so  that  the;  wiU  flow  in  the  same 
.  the  (!uiijunetive  wire  of  the  floHtiug 
'  ill  H»^unie  »  |H>Bitioii  pamllvl  to  thecuD- 
iBOtiTc  wire  of  ih«  battery. 
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7/?^.  Pigure  61.— Attraction  of  cur- 
rents shown  by  the  oscillating-  spiral. 

Cht!  ailructiun  of  uiirrenu.  Qnwitig  iu  tht-  ftuuit: 
invlion.  is  neatly  illiitiLruted  by  the  spiral  wire, 
■fpendcd  a»  E.I10WU.  and  dipping  into  u  gliwi 

tnerrnn'.     Iteltiw  the  plalibrtn  the  two  |miW 

u  Iwtteryare  hnnighl,  one  in  c^ntjut  with 
je   mtTcury  and    the  otiior  witli  the   metallic 

ndanl.    Afl  the  current  Hows  ovtir  the  wire, 

iiidicatist  by  the  arrnwe,  each   turn  (if  the 

rncts  the  next  ttini.  shortening  the  ppirul.  ^lol  tirvMkinjj  the 
!   Donri't'tion-  wtiirh   ciiiim'o  u  xmiri-.      The  nttrxction  (i^aciog 
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hy  the  dirrent  lieiiig  broken,  the  weight  of  the  apind  again  restorei 
the  out)iiL*ctiuti,  uud  HI  OD,  causing  a  ouiitinuous  niovomoni  aud  emis- 
sion of  the  fipark. 

769.  Figura  58.— Action,  of  magrnets  upon  correnU.— Il 

has  tieen  shown  that  electric  currents  i^xi-rcijit:  u  Jireclivo  force-  uM  onlj 

upon  magnets,  but  v,\m  npou  each  otfat-r. 
This  tigoru  will  illustrate  Uiatningneta  exert 
u  ilirective  force  upon  currents. 

A  copper  wire,  S,  is  bent  into  a  circnbr 
form,  and  8u«{H!ii(](>d  to  the  two  arms  of  tW 
i^npports.  us  shown.  The  end*  of  the  ^\n 
iire  lipped  wich  steel,  and  reeb  in  the  cwfi 
uf  morcury.  II  nntl  U  ao  that  the  wire  boap 
J.S  frx-u  t4i  n'volTe  ariiiind  the  vertical  line 
[>tt8siug  through  the  points.  The  wires  i)f  i 
I'rtrr,  passing  through  the  sockett,  otiii- 
I  :.  undt-T  thi>  platform,  with  the  rop* 
pons  and  mprcnrial  caps,  II  und  U  Oi 
completing  the  circuit,  the  current  flowiDj 

m  inilicauil  liy  tttc  arrows,  the  plane  of  the  hoop,  %  will  asBume  tbe 

evW  nttti  irrxt  din?ction.  and  come  to  rest  at  right  angles  Ixi  X\w  ma^ 

neli(.<  meridian. 

If  a  ttur-maguet  be  held  horiiontalt}'  within  the  hoop,  the  axis  uf  the 

niagiiet  hfing  in  l\w  piano  of  the  circV,  the  hoop  wil)  tarn  nroum)  tuA 

uoroe  to  reat  dt  right  anglea  to  the  axis  of  tbe  magneL 
This  experiment,  made  Rrat  by  Ampere,  is  the  rererse  of  EntcA 

experiment  and  discovery  (760), 

170.  Fignire  63.— A  aingrle  helix.— If  the  conjunctive  wire  be 
wound  into  a  belisL.  us  shown,  and  a  currv nt  passed  over  it  in  the  dirw- 
tion  indicated  by  the  arrow-points,  the  eflects  of  the  cnrrent,  from 
R  to  L.  will  be  neutralix^d  by  its  return  from  L  to  Y,  and  there  will 

Pin,  S3. 


ivmain  only  the  eflW*t  due  to  ita  spiral  nvolntian  ab«)nt  LY.  Tbf 
efrL-<?t  of  the  helix  thus  wound.  \»  n-dnivd  solely  to  the  inflnencc  oTi 
aeries  of  etjuiU  and  imrallel  citvular  eurrents.  This  form  of  the  "ire 
is  called  a  m/r mmi/. 
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77 i.  FigTire   54.— A  double  helix.— If  ii  8ilk-cov«red  wire 
vo\V-A  into  «  douhiR  helix,  n&  reprcK-ntt-d  ia  ttiU  figurv,  »nd  iu  vixAn 
^\t^'^\  with  atoel  poinu,  I\  uid  set  into  the  co|i«  «f  mwrcunr  (Fig.  M). 
If  L'oil  will  Iw  free  to  rotate  in  h  Pm   54 

>rmintHl  pUnc  Thua  placed, 
id  thv  cumnt  pnwed  over  it,  in 
diivctioD  indicated  by  the  ar< 
>w«.  it  vrill  assume  the  north 
id  south  direction,  with  the  end 
la  thi-  Durth. 

It  tnkos  IhtH  direction    beuaiiw 
iiu  utiii-r  jKMitioi)  wiiutd  the  eumMil^  [tiue  iit  right  angles)  (<»  tli<- 
lelic  meridian  of  the  earth  (769). 
The  eoloiiuiil,  thereforv,  dimalat«fl»  iu  all  respects,  the  character  of  u 
lu-iii-  iiiH-dlvi,  although  poneMtng  not  a  particle  of  iron  nt  Kie<-I  in 
Its  composition. 

If  unotluT  fi<ilenoid,  having  a  current  passing  over  it.  1>e  pn'KHiiii'd  Ut 
itdoue.the^  will  uianirctitall  chf  plimuiuenanr  attract  ion  and  n-puUioii. 
'  iu  the  same  manner  as  if  the  two  helices  or  solenoids  were  magnets. 


77s.  Fig-ure  5fi.— Magnetizing  by  the  helix  and  elec- 
current. — If  a  Itar  of  iron  or  8t4<el  lie  placed  within  a  helix 
wire,  ud  shown,  and  im  electric  current  passed  over  the  wire,  the  har 
intjy  lieoinne^  a  magnet.     If  the  liar  is  soil  p,g  55 

>n  it  loses  its  magnetism  the  instant  the  cur- 
It  is  ljn>ken  ;  if  it  be  steel,  it  retains  itit  mug* 
vtism. 

Iniiilated  wire  is  employed  for  thit*  purpose, 

id  the  roiU  repeated  one  over  anothur,  in  order 

multiply  the  oonvolutiona 

I/rtmninintt  Ihf  pitlfit. — If   the  har  stands  on 

fliHir  or  mlile  and   the  current  flows  from 

ill(  +  tt4  minue  (— ),  U'ginuingat  thetopand 

•Ming  arftund  Ihi*  har  iu  Ihe  din-ctinn  that  the 

iddnf  a  WMteh    nmn-.  thr  N   jn'lf  will  Ik'  up- 

lon,  as  Mliown  in  the  fignrc.     If  the  wire  is 

lliond  in  the  o]i|nisili-  direction,  the  S  p<ile  will 

npjiermotil.     .Vagnct8  may  be  (line  mode  with  statical  electricity. 
yVhv  tfxploualiou  of   thift  U.  that  eai-li  volute  of  the  In-lix.  carrying 
-r-'r-V  onrren  t.  is  itself  an  active  magn«*t ;  heno-.  under  the  united 
•fa  gri^at  uumlwr  of  atich  circular  aud  panUhO  eurn-nu  or 
rU,  ihf  tvfth/irr  fiircr  (037)  of  the  l»r  is  dertini|H>eed  and  active 
•ti'-i.t  i'  induued. 

Kl 
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77S,  Figure  56. — Electro -xnag^iets  are  mAOKs  of  M>ft  irot 
wutiiiii  witli  turils  of  iiiKtilai^l  coppt^r  wire.    They  vary  in  form  aai 
Piti   :,&.  sixt'.    The  figure  rfpresenla  tii«  rotmof 

thuee  designed  to  sustain  great  wei^tL 
Tliu  spuuls.  J  and  H.are  virtually  one: 
the  direttiou  of  the  whorl  is  ouly  i{ipt- 
rcntlj-  rcvt-r-sed. 

The  aiii-prising  power  of  ih*  hore^ 
tjhoe  eleolronia^et  la  d^veluped  unlj 
H'hfii  tlm  uriiiainent  is  in  contact  witk 
the  poles.  Their  polarity  is  reTerwd, 
instantly,  by  n;ver»iag  thv  polta  nf  ihe 
battery. 

Slagnetfi  of  this  kind  are  mad«  tbil 
support  'A,WW\  poimdfl  or  more;  jetiliii 
enornions  power  cnn  be  alternately  induced  and  paralysed  any  numlter 
of  timi-.<;.  and  with  inoonceirable  rupidity.  hy  mvrely  moving  the  ead 
of  a  sniiill  win<  ilirtmgh  an  almost  inappreciable  epnee. 

774-  Bodies  suapended  without  contact. — If  one  end  of 

•  bar  of  in.>ii  Ix-  bmu^^ht  lu-jir  to  one  extremity  of  a  longilndinal  Mil. 
vertiailly  placed,  and  (vnn^-cted  with  the  hattery,  it  will  be  attracted  bT 
and  drawn  into  the  helix,  where  it  will  retnain  suspended  withoat  via- 
ble contiu^t  or  vifiible  snpt>ort,  eo  Inng  as  the  currvni  is  passing.  Inn 
burs  weighing  nearly  100  pounds  hare  been  thu^  suxpended  in  the  air. 
Of  course  tbt>y  tall  the  instant  the  current  is  broken. 

77'5.   UtllUcation  of  electro-magnetic   fore©.— Muny  nt- 
t«tnptd  have  btvn  mudo  to  utilire  this  very  Mii(r<iiLiblf  force,  by  apply- 
ing it  as  a  motiTf-jKiwcr ;  but  the  force  (diminishing  even  more  rapidtj 
than  the  fKpiiirt'orthedisrance  fh>m  themnguet  increases)  acts  thmugli ' 
such  a  liniiled  distamv.  that  no  imjKirtanl  results  have  bet-n  ai*bifTvd 
ill  il«  application,  where  much  power  is  required.     Jacobi  expended 
tl30.0(X>.  granted  him  by  the  Ku«sian  government  in  experimenting 
for  this  pnrpoMv.    The  most  valnable  utilization  of  the  electro-magnrt 
is  made  in  its  application  to  lite  electric  te]<^;Ta{ib. 


Th«  Xleotiic  Tiriagraph- 

776.  First  experiments  in  electrical  telegraphing.— The 
obMrvation  of  a  simple  phenomenon  or  the  diaoovery  of  a  single  fact 
•houtd  not  entitle  the  obwrvvr  or  diMorerer  to  all  the  credit  which 
■utnktnd  am  ever  twedy  to  beatov  Rir  th«  aduervment  of  great  remits: 
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>r  the  discoTcrr  and  practical  application  of  all  the  general  princiiiks 
neceflsary  to  the  accomplisliment.  of  any  grwit  good,  are  seldom,  if  ever, 
le  reeult  of  fiinj^le-haiided  eGTurts. 
For  example,  in  174T.  Wattwu  employtsl  frictioiial  electricity,  and 
iransmititxl  m^ssaguit  over  a  siugle  wire  two  mile«  or  more  in  lenxth, 
^ntiii.'  wires  being  attached  to  chimney- tops.     We  now  speak  of  Morse'ti 
^mlectric  lelojijapli  worked  by  galvanic  batteries ;  yet,  (Jalvani  never  muw 
H||  galvanic  battery,  nor  haU  he  any  knowledge  of  euch  a  thing.     All 
^^idong  from  Wataon's  time  to  the  dat*?  of  Morse's  improvements,  exten- 
(ive  efforts  were  made,  in  several  countries,  to  utilize  the  electric  cur- 
rent by  Ws  application  to  l^legraphy.      ??iuce  Morae's  impravement* 
were  made,  mnny  other  useful  and  minor  improvements  have  been  in- 
j     vented, 

^B    The  distinctive  feature  of  Morse's  invention,  firnt  employed  in  1844. 
^■oonsista  in  permanently  recording  the  message  on  paper,  instead  nf  in- 
dicating it  by  such  signals  as  require  to  l)e  ulwervt^  at  the  instant  they 
r'  made  or  nut  at  all. 
Ah  electrical  signal  teler/raph  was  employed  in  France,  for  ordinary 
,      pnrposeA,  until  it  was  replaced  by  Morse's  registering  apparatns. 

^m    777.    Figure    67.— Morse's   recording   telegraph.— The 

^Btlectrolelegraphic  device  em1)raci-!> — 

^^  First,  an  apparatus  for  producing  a  force,  hy  which  mechaiiiejil  rcsullfl 
can  Ixr  pruductid  and  eontmlled  at  a  great  distance.  This  apparatus 
consists  of  the  battery,  the  long  wires,  and  the  ekclm-magntL 

Ki<i  a?. 
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a  aimple  lever,  L,  called  the  pen-lever,  provided  with  a  soft  amutare^ 
B,  aiTunged  over  the  poles  of  aa  electro^magnet,  N.    ThU  lerer,  U  cu 
be  worked  on  its  centre  or  fnlcmm  by  an  operator  sitaated  in  an  offloe 
hnndreda  of  miles  away,  by  hia  completing  and  breaking  tite  circiuL 
In  the  opposite  end  of  the  pen-lever,  is  fixed  a  point,  F,  called  the;m. 
HH  are  a  pair  of  rollers,  which  slowly  revolve  with  oniform  velocity, 
by  means  of  clock-work.    The  rollers  draw  between  them  a  Sllet  of 
paper,  from  the  roll  R.    As  the  paper  passes  along,  the  pen,  F,  at  the 
will  of  the  distant  operator,  is  made  to  puncture  it,  leaving  tiie  pin- 
hole mark.    If  the  operator  allows  the  current  to  flow  for  an  instiDt, 
the  pen  will  make  an  elongated  impression  or  mark  on  tite  paper,    %a, 
by  varying  the  length  of  time  during  which  the  current  is  interrupted, 
various  marks,  which  represent  the  letters  of  the  alphabet,  are  made. 
Some  of  these  marks  are  seen  on  the  fillet  of  paper  at  D.    A  feeble 
spring,  S,  serves  to  draw  the  pen  finm  the  paper,  and  lift  the  armature, 
B,  from  the  magnet    The  current  is  received  by  the  wire  A^  and  re- 
turned by  the  wire  G,  which  passes  into  the  earth,  the  earth  serving  u 
the  return  wire. 

The  various  characters,  which  represent  the  letters  of  the  alphabet, 
are  shown  in  the  following  table : 


morse's  alphabet. 


The  inBtzauneiLt  for  tranamittiiig  the  message  is  a  simple 
ap|mr»tui».  ittn^istiiig  uf  a  light  lever  provided  with  a  suitable  knol). 
oaIKhI  \\\v1inger-kr^,  for  receiving  the  pressure  of  the  fingers.  It  is  ao 
itrniiigtHl  that  by  gently  pressing  upon  the  knob,  the  circuit  is  tm- 
plefftK  and,  wlu>n  the  fingers  are  raised,  the  lever  is  lifted  by  a  spring, 
which  intfrnipis  the  enrr«nL  By  varying  the  length  of  time  during 
which  the  currvnt  ia  interrupted  and  closed,  all  the  above  alphabetiol 
t'hanu'tors  can  Iv  nuulc  at  the  receiving  station,  many  miles  away. 

House's  telegraph,  or  the  printiiig  telegraph,  differs  from 
MorA-V  and  oihere  priuciiially  in  an  arrangement  ahereby  the  mewge, 
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■e  transmitUMlfiepnntediii  ordinary  rapitiUlett«i-8,niiH  narrows  trip  ur 
papvr,  Rt  the  iiite  of  two  or  three  hundred  letters  per  minute. 

P  778.  The  earth  circuit.—WataouaudFrmildin,  in  1747-8, used 

the  rarth  im  l\\v  n^urii  rirt'uii,  but  tlicy  t'lnjiloyi-ti  statical  or  rrictional 

ectricitv.     Yet  it  wa»,  for  n  long  time,  believed  to  bo  necesMiry,  in 

Biug  vuUjiic  electricity,  to  employ  two  wIr-b.    Stt-inheil,  in  1837,  ob- 

thi*  whole  resistance  of  llie  reinru  wire,  by  burying  a  large  plate 

^ixipper  ut  euch  atation  with  which  the  circuit  wire  communioatc-d. 

This   method,  now   univeraally  adopted,  of  returning  the  ciirreor 

'ihruugh  the  eurtii,  and  tiu  obviating  tin*  n-tiiKlHiici.'  and  i>\]H?ntj**  of  t.lii> 

return  wire,  niust  he  considered  one  of  the  moet  important  diijcoveriee 

connection  with  the  leL'gruph. 

Insulators. — Telegraphic  wir«fl  aiv  itisnlatcd  fVom  the  poles,  that 
muppiTL  i.heni  from  one  station   to  another,  by  meant)  of  glass  or  sunie 
jjtlier  uon-euiidiietin>,'  lioldiirs. 

779.  Figure  08. —Electro- djmamlc  Induction.—  The  revoh- 
ing  elefiro-innifnef  uperiil*'*-  by  virtue-  til'  the  allrai-tioii  of  dissimilar, 
and  repulsiun  of  eimiliir,  }h)1('S  of  niugnets. 

ThtB  intftrument  consists  of  a  [>ermaiient 
U-niugnet,  between  the  jwlett  of  which  au  elec- 
tn>-niaf;iiet  ie  horizontally  gnpiKtrtt-d  on  a  ver- 
tical s|)iiid]e  parsing  throngh  its  axis,  aa  shown. 
The  wire4  of  the  electric  battery  jwuw  thnmgli 
ivory  collars,  in£i>rt*'d  in  a  i^une.  which  aiis- 
taine  the  up|n>r  end  of  the  tspindle.  By  u  siui- 
jtlo  contrivance,  calted  u  break-piece,  the  ci>n- 
^tinuity  of  the  current  ie  ititerrttptcd  twice  in 
every  revolution,  when  the  annature  is  in  the 
position  shown  in  the  figure.  'V\ic  magnetic 
force  being  thus  pariilyzed,  the  momentum  of 
the  mik<8  cnrrica  the  armature  by  the  inileu  of 
the  lixed  magnet,  wliun  the  tialtery  connection 

again  completed. 

The  revolution  is  caused  by  the  mutual  repnision,  and  then  the 
'mutual  attraction,  betwwn  the  two  opposite  piileg  of  the  two  magnets, 
*»  the  connection    is  broken  and  tlic  poles  of  the  electro-magnet  are 
rererwd. 

The  velocity  with  which  the  i-leRtro-magnet  in  this  little  mm-hine 
_tvvoIvefi.  is  ftNjni  2,000  to  3,000  revolutions  per  minute,  atlended  with 
om  4.WK)  Ut  «.0<J0  reveriHtls  of  polai-ity,  and  as  many  intervals  of  oes- 
'ftoinii  uf  Uiu  uiugnetic  force. 
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780.  Figure  59.— Cause  of  the  earth's  ma^jiietisiii.— IT  % 

ntvUl  ring  Ik-  waniU'il  at  nnu  puiiit  unly,  »8  wiih  a  8pjnt-liuii|),  no  k\w- 
trical  effect  la  prodoced ;  but  if  the  lamp  be  mored  along  the  ring,  bq 
electric  current  is  set  up,  wliicli  truvertHid  the  riug  in  K\\v  same  dirccUou 
tliu  lamp  lias  tuken. 

Id  thiK  maimer  the  stm  continitallj  hoata  successirc  portions  of  lite 
earth,  cauaing  currents  of  electricity  to  flow  around  the  gloW  from  (•■ 
Ui  weat,,  in  a  tlirectioQ  at  right  angles  tu  the  Hue  joiuing  the  magiielic 

]  Mill's. 

A  mngnetic  needle,  therefore  (a«  alao  the  double  helix.  Fig.  W), 
poiuta  iiurth  and  soutli,  hectiusu  it  is  uuty  vrheii  in  this  pofiitiou  tluit  ill 
electrical  currents  c:aii  be  paraU«l  to  those  of  the  earth  (7t}&-7)- 

Fi<!.  r,ft 


Tho  fignre  repreji-itla  a.  dniati  artilicial  globe,  surrounded  by  a  e«1 
of  indulftteil  wiix',  siirniountfd  liy  a  magnetic  neeille.  When  the  riir- 
rent  of  the  battery  is  transmitted  through  the  wire,  the  needle  points 
Ui  thft  north  polp  of  the  globe. 

The  dip  of  ih«  needle  \a  account4*cl  for  in  the  same  manner.  At  the 
[Hilar  ri*gi[)n8  it  dips  in  order  to  place  its  currents  parallel  with  Ihow 
of  tho  earth. 

781.  FigTir©  60.— Mai^eto-electricity.  — Tnectricity  gene- 
rated  by  a  tUJigni-lizL'Nl  Imr  is  ealted  m'if}iirfn-fhriricity.  If  one  of  th* 
poles  of  a  (Kiwerful  Iwr-niagnet,  A.  Iw  iutroducml  within  a  helix  of  in- 
sulated wire,  S.  an  electric  cuiTent  will  be  excited  in  tlie  wire  PveiT 
time  the  magnet  enters  nr  leaves  the  cuil.  The  current  escited  by  w^ 
pole  of  the  magnet  will  flow  in  the  opjwsite  direction  to  that  indnail 
liy  the  nppnsile  p/>li>.     An  eh-otro-magnet  will  produce-  the  same  rvsuHi. 
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vithoat  alternat«ly  in»ertiiig  and  withOraw-  Fio.  so. 

ing  it.  providrd  \t»  {toluritj  be  alternately 
if-Tenied,  by  reversing  tin-  biitttry  currc-rit. 

The  iinjiliictiini  iif  eleutric  cnirr«it3  iu  tliis 

way  is  what  might  be  expecU'il,  since  mag- 

uetism  is  iiuiuoed  tn  a  buj  ol'  iniii  by  passing 

,      ui  ek-ctrjf  current  iirounil  it  on  u.  helix  (TT'-i). 

^P    7SS.    Magneto-electric    machines 

Hire  constnu-tt^d  iu  variotis  way»,  «u  tu  to  re- 
produce all  the  phenomena  of  statical  and 
Toltaic  electricity  from  pcTmuiieni  mi^fntts. 
Snrh    maehines   are   often    employed    in 
making  ajiplicatif.ii  uf  electricity  in  the  treat- 

I      ment  of  variuui*  diaeaaea. 

V  783,  Figures  61  and  62.— Dlamagnetism.— It  has  been  de* 
moitKtruted  that  all  bodiL's.  sulids,  liqnidi^,  and  pisea  (which  bare  b«en 
teetc-d).  arc  subject  t<»  m:i^iii'tic  iulhietit^. 

If  any  substance  be  anspeuded  between  two  opposite  powerfuJ  imles 
of  elect ro-magnet«,  ad  set-n  in  the  tigiiro«,  it  will  assume  vitlicr  the 
axial  position,  as  shown  in  Pig.  01,  or  the  equatorial  position,  shown  in 
Fig.  62. 


Fio.  61. 


Fio,  fla. 


^H  If  the  body  assume  the  axial  position,  it  shows  it  is  attmcled  by  the 
poles,  and,  therefore,  it  is  said  to  be  ma^ne(iv  (*Ji5). 

If  the  body  assumes  the  V4juat<.irial  position,  it  shows  it  is  repelled 
by  the  poles,  aud.  thoreforo,  it  is  said  to  be  dwmagnetie ;  and  the  phe- 
nomena developed  bare  reoeivi'd  the  general  name  of  diamngiiftiitni. 
Klnida  are    tostpd  bv  putting    them    in    email    honneupatliii;  vials. 
Bpieces  uf  wuihI.  meat,  apples,  k-jivea  of  tn^-s,  and  every  sort  ot  sub- 
stance, will  asaiimo  either  the  axial  or  equatorial  position. 

The  following  list  expresses  the  onler  of  some  of  tlie  moat  eoninioii 
magneiir  snbertances,  viz. :  iron,  nickel,  cobalt,  manganese,  pallftdiiim, 
crown-ghiss.  platinum,  osniinm.  The  w-ro  is  ramum.  The  tluiimty- 
netii-A  an-  arranged  in  the  inverse  order,  commeneing  with  the  most 
nenlral :  arsenic,  ether,  alcohol,  gold,  water,  mercury,  flint-glass,  Lin. 
itimony,  phosphorus,  bismuth. 
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7S4-  Figure  63.    Currents  induced  by  other  currentB.- 
It  has  bteu  shown  that  the  electricity  of  the  machine  vuiU  up>n  bMdia 
ir,„   ^3  by  iniltiction   ((368).     And  as   it   has  boeo 

showit,  hIso.  that  a  wire  (tarr^-ing  m  voltaic 
current  a(-.t«  like  a  magnet,  it  ought,  by  ili- 
tluctioti  Tu  oxciu- H  rurrent  in  another  Tin 
near  \u  By  experiment  this  ia  foond  lobt 
I.Ih'  PJiaj.  Thi'  inilueed  current,  however,  il 
excited  only  when  the  battery  current  begins 
lu  Uuw  iiud  when  it  couce. 

'I'wu  iiigiilated  wireis  are  wound  in  tbf 
Ibrni  of  a  helix,  so  that  they  run  lide  by 
side  through  their  whole  conrse.  Let  N8 
n-pn-iw-nt  the  hattery  wire,  and  TH  Uw 
other  wire. 

If  s.  voltaic;  current  be  possi'd  through  XSi 
there  ie  iiii^Lanrly  a  cnrrt^nt  pnHluivd  hv  in* 
(tuvtwii  111  Til.  iu  the  oppoHite  directiun.  Tliie  curivut  tu  TU  m«k* 
in  a  moment :  but  when  the  battery  current  la  stopped  or  broken,  iIko 
there  ie  a  aecundary  current  produced  in  TH,  in  the  opposite  Jirecrion 
to  that  first  produced.  Thcst-  are  calli'd  inihiccd  cunvntsv  or  aecinid- 
ary  currenta.  but  they  are  only  momentary. 

To  favilitate  the  completion  and  interrnption  of  the  battery  cwrreal 
with  great  rapidity,  one  end  of  the  conjunctive  wire  may  be  attached 
to  a  coarse  steel  file  or  nisp,  over  which  the  other  end  of  the  wiit  if 
drawn,  each  notch  on  the  rasp  breaking  the  current. 

T8S.  Figure  84.— Induced  currents  of  different  orders. 


—  By  uflinj: 


Hpimls  of  copiK'r  ribiforu 
Fii,    M 


Ro 


H='^>t:Eo 


ulterniiling  witii  lu'Iii-cM  of  insu- 
lated wire  and  arranging  tlieiB 
in  the  order  shown  in  the  tigupe. 
it  ia  denioiisiraled  Uiat  eeoood- 
ary,  or  induced  onrront«,  prt^ 
duce  other  induced  current*  of 
the  second,  third,  fourth,  and 
even  as  higk  u  the  ninth  order* 
At  every  rupture  of  the  pri* 
mary.  nr  batter^'  current  (flrom 
OP),  the  spiral  riblwn.  E,  in* 
duces  a  gecoiidartf  int^-nse  cur- 
rent, of  opposite  name,  in  tJie 
helix  R.  while  the  ^ipiral  of  rib- 
bon, U,  receivue  from  K  a  qttan- 
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tity  carrenu  inducing  a  tertiary  intense  current  in  the  second  helijii  h, 
which  win  be  reuHzfHl  by  grasping  (he  handles,  U  nud  Y. 

"  78(}.  The  propertieB  of  induced  currents  »re  fho  aame  aa 
those  of  other  electricii!  ciirrt-nts.     They  ]ir»Mtii(y  %'iolcot  shocks,  pve 
eparks,  dcoctmpom;  watur,  suh^,  cU-.,  and  hl-I:  upon  magnets. 
Th«  longer  the  wires  ihc  imm?  powerful  Ihe  curreufa. 

7S7.  Plffure  86.— Thermo- electrici^.— If  the  janotion  of 
two  uii-tals,  uf  iiiilikt;  cryisUtltinc  ivxtuj-c  uud  cuuductlng  power,  is 
heat«d.  an  electric  cnrrent  will  flow 
fTf*m  one  to  the  ntht-r.  Klectricity 
ihtis  {jnidnced  is  called  fhermo-flec- 
mirity. 

^  Ijpt  R8  he  a  bur  of  biamuth,  tin, 
lead,  ur  zinc,  over  which  pliR^e  u  i$tri|i 
or  (Mi|i|>i>r.  hinding  the  und^  togetlier 
with  aolder  or  rivets.  Place  between 
them  au  ututic  needle  (704).  [f  the 
juiK-tixm  lit  K  be  henCed.  as  by  the 
»j>irit-lamp,  the  needle  will  be  do- 
dected  in  one  direction ;  if  the  other 
junction,  8.  be  heated,  the  needle 
will  lurn  in  the  op[M»iit4t  diniction. 

Themio-eleotrio   currents  are  de- 
Tcloped  by  aneqnally  heating  diffurent  parU  of  the  same  metal  (7f^0). 

Intense  utfeirtis.  analugone  to  those  of  Ihe  voltaic  pile,  arc  nhtjiined 
from  a  cumpoiind  thermo-electric  series,  if  half  of  the  Molderinga  are 
heated  and  the  other  half  cooled. 
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788.  Fignire  66.  — The  thermo- 
electric revolving  arch. — A  delicate 
reaction  iR-tween  the  magnetism  of  the 
earth  and  the  I'lectric  current  may  be  had 
by  this  inalrumi'iu.  The  arch  is  a  piece 
of  brass  wire.  nic*'ly  adjusted  on  a  pivot  at 
the  top  of  the  support,  having  its  twn  ends 
connected  to  Oenujui  silver  wirf,  ITS,  en- 
circling the  mipport.  If  the  stand  be  so 
placed  that  the  wire.  H8,  points  ea»r.  and 
weet.  npon  heating  the  junction  at  the  east 
tiie  arch  will  rotate.  The  thermo-electric 
cnrrcDt  will  be  set  iu  motion  from  the  Oer- 
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man  silver,  through  the  heated  juiictiou  to  the  brass  and  through  the 
arch  to  the  German  silver.  The  faces  of  the  arch  thus  acqnire  poluritf, 
the  fncf  turneil  to  the  north  exhibiting  Routh  polarity.  The  arch, 
therefortr,  will  move  round  to  present  its  other  face  t<i  this  ]>ole ;  hut. 
in  so  doing,  the  other  juiictiou  is  brought  into  the  ilunie,  and  the  direc* 
tion  of  thi-  ciiiTfnt  reversed;  this  changes  the  polarity  of  thu  faces, 
ami  tiie  tirch  ugiiin  movtisoii;  thus  a  slow  but  couliiiuous  rvvulntiun 
iif  produced. 

If  the  arch  be  mounted  upon  one  of  the  arms  of  a  TT-magnet,  the 
rotation  vill  be  more  rapid  than  in  the  above  case. 

OBOAMIO    BLHOTBICITT. 

789.  Animal  electricity.— It  has  been  demonstrated  that  j 
curn-rit  of  positive  olcrtrieiiy  ia  always  circulating  from  the  interior  to 
the  esiurior  of  a  muBck',  Thern  is  also  an  elwtriail  curri^nt  froiii  the 
outer,  or  cutaneous,  to  tlie  inner,  or  mucous,  surfiicea  {Tii). 

790.  Electrical  animals.— it  has  long  been  kuova  that  certain 
fiiibi^  possess  the  power  of  communicating  an  electric  shock  to  pencms 
biuidting  them.  The  most  remarkable  of  these  are  tho  torptdo,  the 
giluriis  ehctricun,  and  the  i/yrnno/us.  The  electric  organs  uf  these 
aninialit  bear  u  resemblance  to  tlu-  voltaic  pile. 

The  most  remarkable  uf  these  animnla  is  the  gymnotus,  or  electrical 
w\,  found  iu  abundance,  by  Humboldt,  in  South  America.  Theyarf 
■Iwut  livi-  or  six  fi-et  long.  Kleetrical  experiments  an-  performed  with 
them  by  means  of  two  copper  clasps,  by  which  the  animal  is  sriinl 
near  the  bend  and  tjiil.  It  is  found  that  the  part  nearest  the  headia 
positive,  and  that  lu-arest  the  tail  negative.  The  shocks  received  frnm 
this  httie  animal  art,'  sufficient  to  throw  a  man  u|K>n  the  floor,  nuig- 
ueiiie  needles,  produce  sparks,  kill  Gsh  as  if  they  were  struck  by  %fat* 
ning.  deflect  the  galvanometer,  produce  chemical  der-ouijw^it-itm.  heat 
suiull  wires  red-hot,  and  destroy  the  lives  of  large  animals,  even  boiM 
and  mutes,  when  attacked  by  them  in  their  uative  waters. 

791.  Electricity  of  plants.— It  is  estimated  that  asurfaot-or 
10«  squan- yanlrf  eovi-n-il  with  vegetation,  disengagwt,  in  a  dav,  nwPf 
negative  eteotricity  than  us  required  to  charge  the  most  powerful  Lry- 
den  Inttory. 
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CHAPTER    XVH. 

(CHART  KO.  9.) 

ABTHOSOKY. 

Dttfleitions,  latroduotory  Olwcrrmtioiw,  and  Thsoiia*- 

^9 J,  Astronomy  (flitrnifying  the  laws  of  tho  atar«)  ia  that  brnnch 
of  IMivnifj*  or  Nititiral  PhiloBuphy  which  tre«t8  of  the  heavenly  botlies 
—the  Hun.  Plaueta,  Sabellitoj,  Cometfl,  and  Fixed  Stars. 

79'S.  The  ereneral  dl-vlsionB  of  the  subject  ai-e— 

lat.  Oe*criplive  a.ftronQiiiy,  which  tivuLs  of  the  magnitiuU-ft.  dia- 
<|uiopa,  and  densititrs  of  the  ht'avonly  bodice,  and  the  phi'iiomt'na  de> 
pendent  od  tbcir  niotiooa.  sucli  tw  day  and  nigh(>  tbu  eeasons.  wtiiiA-o, 
.•tc 

3d.  Phifgical  aiir<momi/,  which  treats  of  the  causes  of  planelary 
motion,  and  the  laws  by  which  the  movemecta  of  the  heavenly  bodies 
are  n-^latod  and  maintJiiiied. 

3d.  Practieal  aairoHomy,  which  explains  the  construction  and  us* 
of  astroniMnical  instnimenta,  aad  the  application  of  aatronomical 
Dale  Illations. 

704-  I^ifforont  claBBos  of  heavenly  bodies. — The  hpavenly 
bodiua  azv  dnulu'tl  itilu  lliiv^'  cluiijjcK  ur  eytiti-'iiu,  \-u.„  the  solar  sysicutf 
Utie  fixed  vtnrs,  and  comeft. 

70S.  Extent  of  space. — There  are  no  bounds  to  spac*.  It  is 
iDimitabli-.  If  ve  ima^ne  an  indefinite'  nimilx-r  of  objects,  as  iir- 
pows.  U>  sUirt  from  any  pnitii  in  spiice.  and  to  fly,  in  straight  lineK,  in 
diffen-nt  and  npinwite  dini-tioiiH,  with  the  B[Hir(i  of  light  ur  lightning, 

\§afr  billions  of  billions  of  ycurs,  they  would  then  be  no  nearer  to  any 

'  bounds  of  s)>ace  than  beforv  they  started. 

70fi.  Magnitude  of  heavenly  bodies. — Our  vision  hoing  $o 
limited,  and  the  mind  so  familiar  witli  ohjccts  of  small  magiiitmlf, 
it  is  hardly  (lossible  t«  apprt-ciate  the  rrnl  magnitude  of  even  the  earth 
on  which  we  live.  Yet  the  great  green  earth  is.,  relalively.  hut  an 
Almost  invisible  s[)eck  within  the  Iwundlees  empire  of  Omni]mtenc'e. 
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Our  own  sun,  which  is  hnt  one  of  the  minor  conntlew  sUn,  is  %  mil* 
lion  UD(1  four  hundred  ihousund  times  hirger  thau  the  earth. 

797.  I^li®  number  of  the  heavenly  bodies. — It  Is  estinukd 
that  oHr  liiniittri-d  millioiij)  uf  star»  avc.  viaibk-  tlintuj^h  the  tele«n)pe, 
which  cannot  be  discovered  with  the  nnlced  eje.  Yet  all  these,  we  may 
belicTet  are  no  more  than  a  drop  of  water  to  the  ocean,  compared  ti>  thi) 
cxtiiiitlctw  suns  and  tiyi^temit  of  worldB  that  move  in  nnmeasnred  urfatti 
bevond  the  utmost  reach  of  the  telescope. 

708,  Difitancas  between  heavenly  bodies. — Oar  notioot  or 
distaiKx-  are  (w  far  iiiflut;iiced  by  Llie  limited  spaced  ovtir  which  we 
travel,  it  \»  no  eiwy  t&sk  of  the  mind  t-o  appreciate  e%'en  240,001)  mile*, 
the  distaact-  between  the  earth  and  the  moou.  The  nearest  fixed  »tv, 
Siriiu,  \%  more  than  20,lKK),(i00,(M>n,000,  or  twent}'  millionfl  of  miDinni 
of  miles  from  the  earth.  Yet  it  ia  bcHeTed,  and  partially  proved,  that 
other  Btnra  ai-e  five  lumdred  times  thij  distance  from  the  earth.  Light, 
travelling  at  the  rate  of  193,000  milefi  per  second,  would  rwinlre  1*0 
>eur8  to  n^ach  the  earth  from  some  of  the  stars  of  the  sixth  magmtnde; 
while  Ilerschet  smys  that  light  would  be  millions  of  yean  in  coming 
from  some  of  the  stars  seen  through  his  40'feet  telescope. 

790.  The  orbital  motione  of  heavenly  bodies.— .Ul  the 

heavenly  hudit:»  embniceil  in  the  solar  system  an-  in  motion.  Kol  ouly 
do  the  satellites  move  around  the  jtUinets.  but  the  planets  more  arounJ 
the  sun,  and  the  sun  moves  around  some  other  body  as  its  centre.  Ami 
it  is  beliered.  and  in  some  cases  demonstrated,  that  all  the  so-oilW 
tixi'd  stars  revolve  around  other  centres,  each  carrying  with  it  a  srstwn 
of  planets  and  satellites;  and  the  oentml  sun  of  theso  suns,  aronad 
other  orbs  ;  and  so  on. 

The  extent  of  these  orbital  movements  varies,  of  course,  with  (differ- 
ent bwliei^.  The  distance  of  the  sun's  remotest  planet.  Neptuue,  ii 
!i,8tia,000.(.>00  of  miles;  wliile  the  distance  of  the  sun  from  its  own 
central  orh  is  so  great,  that  it  requires  18.000.000  of  years  to  complete 
one  revolution,  though  it  travels  at  the  rate  of  20,nf«)  miles  per  hour. 

800.  The  velocity  of  heavenly  bodies.— The  velomty  of 
heavenly  bodies  is  int^unccivubtiu  Mercm-y,  thi-  swiftest  of  our  plnoetK 
flies  in  its  orbit  at  the  rate  of  about  100.000  mites  per  hour;  and  the 
t-urth  about  fig.OOO  miles  per  hour.  The  sun.  carrying  with  itsetf 
thdnnands  of  comets,  and  all  her  planets  and  their  satellites,  trafeb 
around  its  central  body,  as  above  stated,  at  the  rate  of  20,000  miles  per 
hour ;  while  some  of  her  comets,  in  some  piu'ts  of  their  orbits,  Oy  with 
the  amazing  swiftness  of  a  miUitm  milM  an  hour. 
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Nottpiihetanding  the  Tfut  magiiitmle  aud  uumbpr  of  the  bcavculy 
bodies,  and  thv  irninuiiso  i!xt4^iit  of  their  (irbit«,  and  the  incoDCeiTable 
vel(»city  uf  their  nmvementa,  _v«t  there  ia  r^wn  for  them  all ;  Mid  in 
their  niicUt  is  the  Ort-ftt  Uiiewii  Hiuid  that  piich'S  thorn. 

801.  Early  observations  of  aatronomical  phenomena. — 

Ohaervaliunaof  impiirtiiiit  a-^tronomical  tactic  iiiut  plivixniii-nti  wcro 
nude  at  an  i-arly  dal^-  hy  the  [•^v]>tiune,  CbaldeunB,  Iiidiuiis,  and 
Cbiiieeer  wbu  poe«;s8cd  many  rules  and  methodit  uf  aiitruuumical  caleu- 
lataona. 

Th*?  oldest  recorded  obBerviitione  are  those  of  the  OhimsL-.  Ttieir 
annals  contain  an  account  nf  a  conjunction  of  five  pEuncts  at  the  same 
time,  which  occurred  one  hundred  years  before  the  fto(Kl.  The  truth 
of  this  uceouni  \a  confirnird  by  mnthi'matjcal  calculation. 

The  (.ireeks  doubcleiM  dcrivinl  much  uf  their  knuwleilge  of  tJiU 
•cionco  from  Kgyjit. 

The  first  of  the  Greek  pbilosophers  who  taught  astronomy  maa 
Tbates.  of  Miletus,  aWut  f5-KI  years  before  the  Christian  era.  Then 
followed  Anaximnndar,  Anaximenes,  Pythagoras  and  Plato.  Some  of 
tlie  views  of  tbejiL'  phi^osl^phers   were  correct,  hut  they  fulled  to  prt>- 

I    dnue  a  connected  and  complete  system,  mid  were  unable;  to  demou- 

HMrutti  their  hy|MitlieHea. 

f    ions 
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SOS.  Ptolemy's  Oreat  System,.— Having  collected  the  opin- 
ions of  all  ttutiqiiity,  auJ  lhof*e  uf  the  philosophere  that  jirecedecl  him, 
temy,  an  Egyptian  phitoaopber,  composed  a  work  of  thirteen  books, 
led  the  Great  System. 

'rhc>uj;b  Pytlmf,'r)riui  taught  that  the  Sun  was  the  centre  of  the  uui- 
;i'crse,  and   tluit  the  earth   hod  a  diurnal  motion  on  its  uxi&,  and  an 
nual  motion  around  the  Sun.  yet  Ptolemy,  who  flourished  130  yeure 
after  Christ,  rejected  these  teachings  of  Pythagoras,  as  contrary  to  the 
evidence  uf  the  senses,  and  endeavored  to  explain  the  celestial  pbenom- 
a  by  supposing  the  earth  to  be  the  centre  of  the  nniTerae,  and  all 
e  heavenly  bodies  to  revolve  around  it ;  that  the  earth  was  a  plane, 
stead  of  ii  globe ;  and  that  it  was  inhabited  only  on  one  side :  that 
e  stjirs  were  supported  in  their  plaoes  by  l)eing  rat  or  fastened  into 
bcs  or  bolUiw  8|iherbs,  etc. 

In  explaining  the  celeetial  phenomena,  however,  npou  hie  liyjwthcdis, 
he  met  with  a  difiiculty  in  the  appart-ntlyBtjilionary  attitude  and  retro. 
grade  motions  which  he  saw  the  planet-s  sometimes  have.  To  explain 
this,  however,  he  supposed  the  planets  no  revolve  in  small  circles,  which 
he  called  epievcles,  which  were,  iil  \\w  wtnie  Lime,  carried  umund  the 
rarth  in  larger  circlca,  which  be  called  deferent^  or  currying  cirdtM. 
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SOJ.  Copernicus*  theory.— About  the  middle  of  the  15th 
ceiil.1117,  Oiipurniouit,  a  tiutivu  of  I'russia.  huring  ao  intense  paesion  fat 
thf  pursuit  (if  ustronomy.  quitted  the  profession  of  medicioc  and  tunwd 
hiA  utttftitioii  to  this  Hciviicv.  Uv  conceived  the  idea  that  dituplicitt 
and  hurmoii.y  should  charactfrize  the  arraugements  of  the  planetair 
BTiitt-m.  In  the  complication  and  diAurdcr  which  he  caw  in  th« 
byi^olheiils  uf  Ptolemy,  he  perceived  inauperable  objections  Ut  its  betJf 
cniieldereil  aa  u  re [>n.>ae citation  of  iml.iire. 

In  the  opinions  of  the  Kgyiitian  sages,  and  those  of  PyLbagonis  u<J 
otht?r8,  (j'opiTQicu8  reuugnized  hid  own  earliest  cuuvictions,  thai  \ht 
earth  was  not  the  centre  of  the  universe.  By  lab«>ring  more  Oiiiii  ihinj 
Tearii.  in  cloarinj;  away  various  h jpotlieiics,  and  grodnally  expelling  lh( 
difficulties  with  which  the  enbject  was  encumbered,  he  vug  ppmiiu«d 
to  sec  the  true  syst^'m  of  the  oniverMf. 

The  8«n  he  considered  as  immovable,  in  the  centre  of  the  sTrteni 
vhiW  the  earth  rerolved  around  it,  between  the  orbits  of  Venus  nnd 
"SAoTA.  ani3  produced,  by  its  rotation  about  \U  axis,  all  the  diamil 
phenumena  of  the  celestial  apherv.  The  other  planets  he  coDSi<3md 
AS  reTolving  about  the  aun,  in  orbits  extorior  to  that  of  the  earth- 

804-  Kepler's  discoveries  and  laws.— At  the  close  of  tfat 
15lh  ceninry,  Kopk-r,  a  (Jerman,  diBcovered  and  proved  that  theortiili 
of  the  planets,  and  those  of  their  miMins.  were  not  circular,  but  elliptical 
The  anppoitilinn  that  chey  weri'  ciri-ulur  had  csusihI  much  erntr.  lb 
Qext  determined  the  dimensions  of  the  orbits  of  the  planets,  and  roawl 
to  what  their  velocities,  and  their  motions  through  their  orhitihSaJ 
the  times  of  their  revoltitious,  were  proportioned;  which  are  tmibiirf 
the  greatest  imiwirfancc  to  the  science. 

The  three  great  laws  of  Kepler  are: 

let.  Thai  /tJI  the  plnneh  remlve  in  elliptical  orbits,  having  the  nu*  ^ 
one  of  ihcir  fhci. 

'id.  Thaf  the  rmliw*  vector  paswH  ot'er  equal  areas  in  equal  portion 
vf  time. 

3d.  That  the  tijuare  of  the  liute^  0/  the  revohitiontt  of  the  yUntlt 
amund  the  nun,  art  proportional  to  the  cnb«*  of  their  itieaii  ili*lanru 
from  the  auH. 

8O0.  Galileo's  discoveries.— Wliilc  Kepler  was  discoTcrtngatMl 
denionHlnitiiig  the  aUivft  inipurlanl  laws,  (}alilet>.  an  Italian,  havinj! 
improveil  the  telescope,  was  discovering  mt>unlaina  and  valleys  npitu 
the  surface  of  the  moon :  satellites  or  secondaries  were  disoorored  r> 
volviug  about  Jnpiter;  and  Venus,  as  had  btwu  predicted  by  Coper 
tiicus,  was  seen  exhibiting  all  the  different  phases  uf  the  moon. 
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All  tbese  diaooveries  und  many  otliyre  eerred  U)  oonflrui  \\\a  i.'o[«'r- 
nicaii  thfory.  and  to  ahuw  tlio  abaurdity  of  the  hypothesis  of  Ptolemy. 

SOG.  Newton'a  diacoTery.— NutvrithstaodiDg  the  impoitaiit 
discuveriettof  Copvrnicutt,  Kuplvr,  mid  Ualileo,  the  force  which  cnn^et 
the  [jiaiiet*  to  revolve  wi-ouiid  in  their  orhita  was  yet  nnkuowu.  To 
sscertaiii  the  cau8«  of  the  planetary  motious,  aud  vxplaiti  the  Ihw«  by 
which  these  vast  orbs*  in  their  rapid  flight,  are  directed,  each  in  ita 
own  (U-tinitH  course,  constitut,^'d  I  he  diacoveryof  the  illustrious  Newton. 
He  conceived  the  idea,  that  the  sume  force  which  causes  apples  tn  fall 
&om  a  tree  might  extend  to  the  moon,  and  hold  it  in  it«  orbit,  and 
oauN*  it  tu  revuKti  around  the  earth.  By  u  seriee  of  calculations  hu 
eetuhli^hed  the  fact,  that  the  tiamu  force  which  canees  a  pebble  to  fall 
front  the  baud  tu  the  ground.  Carrieti  the  moons  in  their  orbits  around 
the  planets,  and  the  planeta  and  ooineta  in  their  orbits  around  the  sun. 
This  force  is  the  iwwer  of  attraclion. 
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807.  Figure  1.— The  Solar  System  (swi  frontiBpiece).— By 
the  Salnr  Sijstrm  \»  mi'uii  I  the  Sun  and  tlie  hearuiily  bodies  that  revolve 
aboot  it,  including  the  sntellites. 

Planets  (sipiif^'ing  wnnderrrs)  ajre   primary  op  eecondar}-.    The 

WgrifRaTtf  planets  are  tlioee  vrhich  revolve  around  the  ann  as  their  proper 

mntru:  one  of  which  is  our  earth.    The  ««ro;K/((ry  planetn  are  tho«? 

which  revolve  around  the  primaries,  aa  they  are  carried  around  the 

lun ;  one  of  which  ia  our  moon. 

The  primaries  are  usually  called  planets  ;  the  setMndaries  are  called 
fflOOJM,  or  satellites. 

The  planets  are  dark  opaque  bodies,  and  shine  only  by  reflecting  tin- 
light  of  the  sun.  Til ey  may  l>tj  diKringuished  from  the  slurs  by  their 
steady  light;  while  the  stars  appear  to  twinkle.  Tlicy  seem  to  chaoge 
their  relative  places  in  the  heavens  for  which  reason  they  are  called 
planets ;  while  tliow  luminous  liodies  which  are  called  tixed  stars  np- 
■nr  to  preserve  the  same  relative  position. 

Primary   planeta.— There  are    ninety'tbree   primary   planets; 

Bfehty-Hve  ol  wlii(.:h  revolve  in  orbits  very  near  each  other,  situated 

Between   Mars  and  Jupiter ;  and.  on  account  of  their  small  iiize  and 

atar-like  appc-arance,  they  are  called  ^s/^oi'^«.    Only  five  of  thcac  are 

repreacnteU  in  the  illustration  (Fig.  1). 
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The  other  eight  of  the  prinuria 
are,  beginninff  with  the  one  neuttt 
U}  the  Sun,  Mercury,  Venas,  Evti 
Mars  (Aslfpoids),  Jupiter,  Situni, 
UrauuB,  Neptune. 

SatdUites  or  moons.— Tbnt 

have  been  discovereU  twenty  Hoood* 
nrif-8  or  satellites.  Of  the*,  tht 
earth  hu  one,  Japiter  /otir,  Sitwii 
eighi  (and  two  ringa),  Unmiu  w, 
Nepttino  one. 

The  interior  and  exterior 
planets. — 'I'Ik-  interior  pluuu  in 
thust:  whose  orbits  lie  ontAin  ttw 
orbit  of  the  esrth.  The  ec^rwr 
planets  aro  thoee  whose  orbits  lie 
vrithout  the  orbit  of  the  eurth 

Comets  are  a  siognlar  cImc  d 
bodirK.  lietuuging  to  the  Sohr  ^ 
teni,  revolving  in  greatly  elongawJ 
orbits,  and  vanoDs  in  form;  hmw 
being  globular,  and  others  haviitf 
long  trains  of  light.  Two  of  tli^. 
S  uikI  H.  are  repreaented  iii  ih'' 
illustration  (Fig.  I);  only  a  part  of 
the  orbit  of  K  being  Bhown,  wliili 
that  of  S  is  complete. 

By  solar  hodie»  ia  meant  IhoM 
hmlitiH  which  belong  to  the  wUr 
svatem. 

SOS.  FigTire  2.— Relati« 
magnitudes  of  the  pUnets.- 

Xo.  I  represents  one  of  (lie  Uip"" 
AsiLToitls ;  N'o.  3,  the  moon  (d™wB 
ranch  too  large) ;  No.  3,  Meroofy; 
Nil.  4,  Mars;  No.  5,  Venus;  N** 
the  EartJi ;  No.  7,  Neptune;  NwC- 
Uranus;  Na  9,  Satoro ;  Na  I^- 
Jupiter. 
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on  piUHir  the  cr>rn>ct  relatire  dtstftlicvft  botwoeii  lieavonly  boiliw,  yrt 
this  ilia^rram  will  convey  a  less  erroneous  i<3e«  than  Fig.  I.  It  is  dnwn 
tm  the  chart  to  u  iscalii  of  abiml  66,000.000  railea  to  tlio  iuch. 

The  tirdt  circle,  whiuh  id  drawn  very  near  to  the  eun,  represent  (hr 
orhit  of  Murcury;  the  next  beyond,  the  orbit  of  Vvniu;  thvcirrif.  K 
reprcseuta  tb«  orbit  of  the  Karth  ;  the  line,  M.  a  part  of  (be  ortrit  nT 
Mani ;  thi>  Hik'H,  A,  a  few  of  the  urt>it8  of  ibe  Aatei*ui(U ;  J,  the  urint  of 
Jiipit«r;  S,  the  orhit  of  Saturn;  U,  th«  orbit  of  Cranud;  and  N,  tbi: 
orbit  of  Nfptune. 

The  reader  will  imngine  the  cnt  on  the  right  to  be  placed  al  ihr 
bottom  of  the  one  on  thv  left.,  as  it  ia  drawn  on  the  chart,  when  thir 
figure  iti  four  feet  long. 

The  arrows,  in  all  oases,  represent  the  direction  of  the  motinnBoftlu? 
various  bodies.  In  these  several  orbita  are  represented  tbe  prjnianM, 
together  with  the  satellites  und  their  orbits. 

810.  IxnpoBslbiUty  of  delineating  the  solar  83rstem.- 

Tho  magnitudi:  of  htiavonly  bodies  and  the  diaianees  betwet-ii  iti«'ai 
are  so  great,  and  yet  so  une<]tm[.  that  if  the  smallest  and  ueanvt  ire 
drawn  on  a  scale  largo  enough  to  be  seen,  then  the  largest  become » 
great  and  the  most  distaut  oues  so  remoU"  that  they  exceed  all  [lowilifc 
extent  of  draHing  surfaoea,  as  of  paper,  cloth,  etc. 

To  illustrate  (by  m-ferritig  to  the  diagram.  Fig.  I),  snppoM  iheortill 
of  Uie  earth  {third  fniin  the  centre)  to  be  95,000.000  of  miles  (iu  real 
diBtauoe)  from  the  snn.  Nov,  as  the  distance  uf  Neptune,  the  mual 
remote  plant-l,  iji  2,86*2,OO0,fK)0  of  miles  from  the  snn,  it  would  rcipiin, 
in  order  to  carry  out  the  »eak%  that  the  outer  circle  of  the  diagram  be 
about  fourteen  feet  in  diameter. 

The  Hxed  stars,  as  ivpreseiiled,  appear  to  be  siluated  just  beyonil  (Ik 
solar  system,  which  conveys  a  very  erroneous  idea.  The  di«tauce  froni 
thf  sun  to  Neptune  is  only  :;!.8t}2,000,000  of  miles,  while  the  distanoe 
from  the  snn  to  the  umreai  star  is  20.000,000,000,000  of  miles.  Tlicre- 
fbre,  to  carry  out  the  scale,  the  nearest  of  these  stars,  in  the  drawing, 
should  be  placed  about  n  mile  and  a  third  beyond  the  orbit  of  Nepttiniu 

Solar  system  represented  by  real  objects. — To  assist  \hs 
student  to  obtain  a  more  eorrect  notion  of  tho  relativo  magnitudes  and 
distances  relating  to  the  soUr  system,  than  can  be  gained  fran  an; 
possible  delineation,  let  him  imagine  a  globe  of  wood,  representing  the 
sun,  a  trifle  less  than  f]T«  feet  in  diameter,  lo  be  placed  upon  an  exten- 
sive plane,  as  a  field  of  ice.  Then,  place  about  it  other  globes,  of  lli^ 
aisea  of  those  shown  in  Fig.  S,  on  the  chart,  which  represent  thoTvlatin 
DlBgnitndes  of  the  plaueta. 
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First  tab^  .Vi^iTrir^,  No.  3,  rise  of  a  small  pm,  and  place  it  104  feut 
(HI  i\\v  inn  ;  then  t'snwj,  Nou  5,  «ko  of  »  xtanH  cherry,  and  )>tace  it 
2  fwt  rmm  Iho  sun ;  next  the  Earth,  Xo.  G,  uUo  the  aizt'  of  a  eherr^, 
jilacti  it  fHXl  feet  from  the  Bnn ;  next  Mars,  No.  4.  Btz«  of  u  eran- 
brrr^,  uiid  place  it  762  fui^t  iVuni  the  suti — umitting  the  Astrruuh, 
<mi  of  which  wunid  be  about  the  t!iz«  of  pin-heads  und  others  the  eize 
No.  1 — tlieu  Jupiter,  Nuw  10, 8iz«  of  a  miuiU  citrvn,  and  plaiw  it  :i,W)0 
feet,  or  about  hall'  a  mile  fironi  the  euu  ;  next  Saturn,  No.  9,  algti  the 
size  of  a  ("(Vrow,  and  place  it  4.7*5J*  fw-t  fVom  the  sun;  then  I'runus, 
No.  8,  size  nf  a  pmck,  und  place  it  9.ftOL  feet,  or  about  two  miles  (Vom 
tlie  sun ;  and  lunt  of  all  Xeptutie,  No.  7,  ulw>  thu  aixe  of  a  pmr.h,  and 
phioe  it  1.5,300  feet,  or  nearly  three  miles  from  the  sun. 

Now,  at  these  severuJ  diistanueB,  descTibe  uireles  around  the  globe  of 
Wi>od.  These  circles  will  represent  the  several  orbiU  of  tJie  pliuiett»^ 
the  orbits  themaelvoa  Iteing,  of  course,  only  im(i</i»ary  cirrien. 

Hence  it  is  aet-u  that,  aithongh  Mercnry  lu  this  naxXv  ig  only  tlie  i«izc 
of  a  small  pea,  yet  Neptune  ia  marly  three  miles  from  the  snn,  having 
an  orbit  of  ubont  »iie  miles  in  diameter. 
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Hepresentation  of  the  motiona  of  the  planets.— T>>  imitate 

(*  m<ition!>  111'  till'  planets  iit  tin-  distiineew,  ii«  jiImivi-  drwrilvii,  Hiippoae 
these  small  bodies  to  revolve  around  the  globe  of  wood  at  such  mte«  of 
veloeity  that  eai-h  will  ilescrilie  ita  own  diameter,  as  follows:  Mereury 
in  41  seconds ;  Veiiuti.  in  4  miuuU-s  14  seconds;  the  Earth,  in  1  min- 
utes; Mars,  in  4  minutes  48  eeconds;  Jupiter,  in  2  hours  r>G  minutes; 
Saturn,  iu  :)  hours  i:]  minutes;  Urauus,  iu  Vi  hours  10  minutes;  und 
Neptune,  in  23  hours  'ib  minutes- 


b 


The  Bun. 

811.  Influence  of  the  sun.— The  sun  is  the  centre  of  the  solar 
system,  around  whieh  all  uLher  wilur  bodies  revolve,  and  hy  which  they 
an-  all  ht-ld  in  their  orbits.  It  is  u  vaiit  und  fieri.-  orb,  the  great  source 
of  light  and  heat  to  all  the  planets.  All  animal  and  vegetable  life  and 
growth  are  due  to  its  influence, 

^B  812.  Magnitude  of  the  sun.— The  aun  is  by  far  the  largest  of 
^■he  heavenly  bodies  whose  dimetii^iunB  aro  known.  Its  diameter  is 
Pft89,00<)  miles,  and  il«  volume  1,400.000  times  larger  than  that  of  the 
earth,  and  500  times  larger  than  all  the  other  bodies  of  the  solar  system 
put  to'^tlior.  If  it  weR-  placed  where  the  earth  in,  it  would  extend 
•i\)^i,imf  miles,  on  all  sides,  beyond  the  orbit  of  tlie  moon.  Tlie  weight 
of  the  eon  is  about  7<')0  times  the  maea  of  all  the  rest  of  the  solar 
vnieXB. 
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813.  The  distance  of  the  sun  from  the  earth  is  95,000,000  of 
miles.  It  is  useleas,  however,  to  attempt  to  impresa  the  mind  with  anj 
definite  idea  of  aach  a  vast  distance.  A  ball  fired  from  a  canDon,  and 
flyiug  with  undiminiehed  velocity,  would  be  1,300  years  in  reaching 
the  sun.  Yet  it  requires  great  imagination  to  conceire  the  passage  of 
a  cannon-ball  for  1,300  years,  moving  at  the  rate  of  16  miles  per  miuott^ 
and  its  arrival  at  the  sun. 

814-  Telescopic  view  of  the  son.— Dark  spots.— Viewed 
through  the  telescope,  the  sun  presents  the  appearance  of  an  enormoas 
globe  of  fire,  frequently  in  a  state  of  violent  agitation.  Dark  spolg,  of 
irregular  form,  frequently  pass  across  its  disk  from  east  to  west,  \a  the 
period  of  nearly  fourteen  days.  Some  of  these  are  50,000  miles  ia 
breadth. 

The  sun  was,  for  ages,  and  till  lately,  thought  to  he  a  globe  of  real 
fire ;  but  it  is  now  believed  to  be  an  opaque  body,  surrounded  by  a 
luminous  atmosphere. 

Motions  of  the  sun. — The  sun  has  three  motions.  1st,  It  rot&tea 
on  its  axis  once  in  35  days,  9  hours,  36  minutes;  its  axis  incliDing 
74  degrees  to  that  of  the  ecliptic  (847).  2d,  It  revolves  around  the  centre 
of  gravity  of  the  solar  system  (845).  3d,  It  revolves  around  some  other 
central  body  (893). 

The  Primary  Planet*. 

81S.  Periodic  revolutions. — The  planets  revolve  around  the 
sun  from  west  to  east.  The  passage  of  a  planet  from  any  point  in  its 
orbit,  around  to  the  same  point  again,  is  called  its  periodic  revolufiou, 
and  the  time  occupied  in  making  such  revolution  is  called  its  periodic 
lime. 

The  i>eriodic  times  of  the  planets  are  as  follows; 


Mercury 88  days. 

Venus  " 225     « 

Earth 1  year. 

Mars i     "      322    " 


Jupiter. . .  11  years,  317  days. 

Saturn  ...  29     "     175    •' 

Uranus...  84     " 

Neptune..  164     " 

Neptune  travels  in  one  periodic  revolution  as  far  as  a  train  of  caiu. 
at  30  miles  per  hour,  would  travel  in  about  70,000  years. 

The  periodic  time  of  a  planet  is  called  its  year  ;  hence,  the  year  arid 
seasons  of  Neptune  are  164  times  as  long  as  those  of  the  earth,  and 
those  of  Mercury  only  about  a  quarter  as  long  as  ours. 

81G.  Velocity  of  the  planets  in  their  orbits.— The  fol- 
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lowing  table  shows  the  distance  eaoh  planet  moves  in  its  orbit,  per 
hour: 


Mercury 9fi,000  mileB. 

Venus 75,000      « 

Earth 68,000      " 

Mars 66,000      " 


Jnpiter 30,000  miles. 

Saturn 22,000      " 

Urauui 16,000      ** 

Neptune 11,000      " 


It  will  be  noticed  that  the  nearer  the  planet  is  to  the  sun,  the  greater 
its  velocity,  and  the  shorter  its  periodic  time. 

817.  Diurnal  revolution  of  the  planets.— Besides  the  mo- 
tion of  the  planets  around  the  sun,  they  have  a  motion  around  their 
respective  axes,  producing  the  vicissitudes  of  day  and  night.  The 
times  of  the  revolutions,  and,  consequently,  the  length  of  days  of  the 
several  planets,  are  as  follows : 


Mercury 34    hours. 

Venns 23^      " 

Earth 34 

Mara 34J      " 


Jupiter 10    houra 

Saturn \^      « 

Uranns unknown. 

Neptune unknown. 


It  will  be  observed  that  the  days  and  nights  of  Jupiter  and  Saturn 
are  only  about  five  hours  long. 

The  fact  that  the  planets  revolve  around  their  axes,  is  ascertained  by 
observing  spots  on  their  surfaces,  and  noting  the  direction  of  the  mo- 
tions of  these  spots,  and  the  times  of  their  reappearance. 


818.  Magrnitude  of  the  planets.— As  previously  stated.  Fig.  2 
(808)  represents  the  relative  magnitudes  of  the  planets.  Their  absolute 
magnitudes,  expressed  by  the  length  of  their  diameters,  are  as  follows : 


Mercury 3,000  miles. 

Venus 7,700     " 

Earth 8,000     « 

Mara 4,200     " 


Jupiter 89,000  miles. 

Saturn 79,000     « 

TTranua    35,000     " 

Neptune 35,000     « 


819.  BelatiTe  mag^tude  of  the  planets,  the  earth  being 
taken  as  the  unit  (see  Fig.  2). 


Mercnry -^^ 

Venus j^. 

Earth 1. 

Mars f 

The  Sun 


Jupiter 1,400. 

Saturn 1,000. 

TJranue 90. 

Neptune     90. 

1,400,000. 


4-^4  ASTRONOMY. 

800.  The  distanoes  of  the  i^anata  from  tihe  nm,  expreaed 
in  miles,  are  as  follows: 


Mercury 37,000,000 

Vonas 69,000,000 

Earth 96,000,000 

Mars 145,000,000 


Jnpiter 495,000^000 

Saturn 900,000,000 

TTranus 1,800,000,000 

Neptune 2,800,000,000 


8Qch  are  the  vast  distances  over  which  the  sun  sends  its  genitl  nya 
to  light  and  warm  and  develop  its  attendant  worlds. 

8^1,  Density  of  the  planets.— By  density  is  meant  cotnpbct- 
nesa  or  closeness  of  parts.  The  weight  of  a  hody,  of  given  bulk,  de- 
pends upon  its  density. 

The  relative  densities  of  the  planets,  and  the  eabstances  with  which 
they  most  nearly  agree  in  weight,  the  earth  being  taken  as  the  standard 
or  unit  of  comparison,  are  as  follows : 


Mercury 3  —  lead. 

Venus iV~  earth. 

Earth 1 

Mars -jV—  earth. 


Jupiter J  —  vrata. 

Saturn ^  —  corlc. 

Uranus.... f  —  water. 

Neptune unknown. 


The  value  of  this  table  is  seen  in  the  following  paragraph. 

8SB.  Attraction  of  the  planets. — Attraction  or  gravitation  ia 
the  force  with  which  bodies  are  drawn  toward  each  other.  The  eesen- 
tiul  law  of  this  force  is,  that  its  intensity  it  inversely  as  tht  squure  of  tht 
distance  betmeen  the  bodies  (47). 

The  attractive  force  of  a  planet,  therefore,  depends  upon  its  distance, 
density,  and  bulk.  Weight  is  the  amount  of  attraction  at  the  snrface 
(39) ;  hence,  the  weight  of  a  given  body,  as  a  square  foot  of  iron,  upon 
the  surface  of  any  planet,  will  depend  upon  the  density  and  bulk  of  the 
planet. 

Assuming  some  object,  as  a  piece  of  iron,  to  weigh  on  the  earth  1 
pound,  then  its  weight  on  other  planets  will  indicate  their  power  of  at- 
traction, as  compared  with  the  earth.  It  would  weigh  on  the  seveial 
planets,  respectively,  as  follows : 

Mercury 1  lb.    1^^  ozs.  |    Jupiter 3  lbs.    8  oa. 

Venus 0"    15     "  Saturn 1   «      5i " 

Earth 1«  tJranue 0"    14" 

Mars 0  *'      8     "  |    Neptune unknown. 

On  the  Sun  the  same  object  would  weigh  28  lbs.  5^  ou. 
A  person  weighing  150  Ibe.  on  the  Earth,  would  weigh  375  lbs.  on 
Jupiter,  and  only  75  lbs.  on  Mars. 
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SS3.  Ziitfht  and  beat  of  tho  planets.— The  intenntr  of  solar 

liglii:  aud  livat  diiiiiuisbea  ta  (he  wfuare  of  lh«  ilisianr*  from  the  sun 

'■tfr9  :  hi-HLv,  tilt  amount  of  light  and  beat  deriroil  (Wim  tbc  sub 

■     ill'  saTTiTra)  ]>lttuet«  itt  wry  uue«juut. 

The  rdutjv^  intcngity  of  these  tvo  ele^m^nis  or  ttgents  on  the  differ- 
fiii  planets  (their  inteiimty  on  the  ttarih  bt'iug  talct-ti  us  thv  utnt  nf 
itiuiiKiriiMiii),  iitas  followg: 


Mercury ^ 

V.iitw. ,..,.,., ,.,.  t 

Earth 1 

Man ( 


Jupiter.... ^ 

Sutiini ....*...   A 

UraTiQS ^ 

Neptune ^^ 


!f  rhe  nverage  tc-mpermtiir«  of  tho  carlh  ii  60"  F.,  that  of  Mercury 

Nild  l»e  325',  or  113*'  almvc  that  of  hniling  water,  and  that  of  Keptune 

(HI  times  lower  than  the  awrage  of  the  earth. 

It  lines  not  iie{i>««Hrilj  follow  that  the  hent  is  proportionate  to  the 
Ight  rrci^ivod  by  the  reajKvtivi*  phinetj),  lu  vnn'otiti  loi'ul  cuiigi>8  way 
Itnliry  the  UTtnperHttire.  )lrreury,  IVtr  iiialaiict.',  miiy  tn-  uiirrounded 
ua  atmosphere  that  arrestfi  the  light  and  screens  the  planet  from  the 
)t<^n«>  heat  of  the  eun  ;  while   the  atmcwtplier^-K  of  Or-   more  distant 

inftM,  OS  Saturn.  Uranni;,  etc.,  niuy  act  tin  a  n^fracting  mi-dium,  to 
jpuher  and  ooDCcatrate  tight  and  heat  upon  tlicsc  pUncta. 


The  AaHetQidt. 

834,  ^^  Asteroids  ( FigK.  l  and  3).— As  prerionsly  f tat<^  (S07), 
ere  arc  ^ifjhli/'fiiv  small  plunet^  whose  orbits  are  aitnatcd  brtvun 
nf  Mars  ami  .Tiipil«r,  /ft-ft  of  which  are  represented  by  the  tlve 
nog  dnvii  near  each  other  (Fig.  I).  Four  of  those,  (.'ere^  PalUis, 
mo,  and  Ve^ta,  were  disaivered,  respi-ctively.  in  the  yearn  1801,  1802, 
and  l>!")t.  In  IKl^,  another.  Astp*!!,  wiwdisoovi-red  ;  Binc<>  when 
ey  hare  bonu  diijcovered,  one  afl«'r  ao<Jlhi-r,  until,  up  Ut  ISGA,  Ihev 
iniber  in  all  tight^-fivt. 

Tlte  agtemiiU  all  n-volve  at  n-^'arly  the  »ttme  diittaHM  fKnn  the  kuh, 
And  |»erfiirm  their  pcri«Mlic  revolutions  in  nearly  the  unrnt  time.    Tlieir 
iU  are  more  eccentric  than  those  of  the  largiT  planets  and  aome  of 
-.»  fot-h  othfr.  m  shown  in  Fig.  1.     From  these  and  other  cir- 
^^  it  is  tietii-viHl  that  these  eighty-five  small  planets  anj  the 
igiueutii  of  a  large  phmet  which  onoe  revolved  bi'twe*n  Mani  and 
ipiler.  and  whieh.  by  twme  convulsion  or  violence,  waa  buret  aennder. 
\Vata  apfii-are  like  a  star  of  the  sixth  magnltudi-,  and  is  the  only 

'mt  can  ln>  s.-cn  with  the  naked  ey«*. 
.  .„  ..^.unet«r  of  l-V-Tvi  \»  1.585  mile^ ;  that  of  Pallas  i,02A  milea. 
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^B                 The  following  tabic  comprise  the  uamoe,  diaUncea,  and  peno^^| 
^1           times  of  the  Asteroidu.                                                                          1 

^H                    No,        Nmlnin. 

llir  (Uii  111 
Mlluo. 

period- 
tc    lime 
In  Uayr. 

No.       N'uara.                      ifa«  •on  \m 
Milov 

M  tint 
la  Dm. 

\m 

I.G» 
I.CD 
l.M 

a,on 

1.377 
1,(BB 
1,1K 
lAU 
l,M3 
1^9 
Ijl" 

i>m 

].aa 
i^mi 

IJOt 

1,3» 

3.fit 
I^TB 
t.STI 
1.G1I 
IJ*" 
l.VM 
lit'* 

i,iiU 

-Cm 
1^ 

i;s7i 
\im 
ij« 

I.W1 

i,« 

IJ98I 
!,»} 

I,tJ4 

^^^            1.  Utrt* 3H'J.7li4.ll» 

VAHn 

44.  Ny»a 

3W.8t)0.(nO 
»IKI.9«l,aOO 

aia,uo.875 

3U,180,«» 
891,844.430 
83S,»OI.B40 
394,8iW,7IO 
a48,8«4.930 
flAH,nilJMO 
368>6S,19S 
84a,4S8.700 
aM,M9.M!i 
eJ»,D7t.HM 
257.714.B55 
337,303,(183 
885^7.813 
«07,4.-».7.1O 
327.«M.«W 
354.4;i7.1?0 

353,1 17;i7t* 
339.431.300 
358,653^10 
290.B34.010 
33.%6e8.O03 
34ia,78il,740 
301 .1*4 1,470 
354.«U,I08 
844.045,133 
251.I81J(SQ 
808.9.15.000 
338A8I,418 
3I92.418.AOO 
338;aM.O0O 

«TJS14.UW 

989J9V7.488 
S9QM0.8T1 
858  1 1 7  294 

2(K{.18«,fi70     l.UW 
35»,.'j34.4!0     1,593 

46.  Hcwia... 

aa4.;(3r,2oa   i  sar. 

47   Agldlii 

244.7  liT.. ".00     l.r>ll 

4H    Dorb.. .,.,..,. 

^^H                &    IIVIX! 

2:jl>.4U.710     ].a»0 

.10.   Viriritiia 

^^^r              ii*i«— 

20O.i:ii,((7t)    1  \m  -'•■   N<>mAii«M.    . 

W               9.  Metis 

^1               11.  Pfti-iliennpe. 

■  13    VX\n 

^1                 14.  Irene 

^1                   \h.   Eiiimmt* 

■  W.  IVygbv 

^P                 18.  Mclpomenn .... 

H                 30.  MitKiUiii 

■  SI.  LiittMbi.. 

■  23.  {^lilliupe. 

23«.(144,:(50     1  :Wfl 
21I9.1H0.4;}5    2.041 
2:)3.tHJ5,HU0    1  40ri 
33l.tilT.ll4.-»     1  801 
24>t.aMl.:j7-%     1.510 
2I.-..1JH!MHHP     1  .Via 
i,'>i,i:i7.nw    i,r,7i;i' 
377.(1111,440     i.yij 
3^5.003.450     1 421 
Sl».r3.),7lJO  '  1,271 

3Hi,ii3o,u(»)    1  mis 

•.KM.8SI  1.670     I.y«6 
23l.«tW,fl4fi     1,388 
3a7.080.CM)ri     1.440 
849.7*1,380     l..^? 

58.  MlUIl' 

57.  Mntmosync... 
I'lH.   Ciinconjia  .    ... 

GO.  E»ihi. 

iOl.  Dannfi 

VA.  Uybclc 

7i   Niobc 

■  3S.  PbociBa 

■  'Sti    Kellank 

^1               ?tt    Aifipliirrilr- 

299;214.9(IS    3,043 

sa«.iim.70o    i..Vi« 

3i,"3,.'B7..'HJ.5     1.5S] 
3a2,»93.nd     1.314 
M8.«41,&IS     1.6NU 
St?.7l2.S70     1 49-2 

■  80.  UtsbU 334.5»6,ftlH 

■  31.  Euplmwj-nc.  ...1  2(Kl.«3.5.0IO 

■  »3    I'nini>nii !  ^4.j.ll-'>H.7a> 

^^^            aj.  FolyiimU •>7-2.;i7-J  13.-. 

1.8SS 

9.(M8 
1.523 
1.773 

70.  Frtiii 

^^K          U.  C[r6« 

^^^           86.  AtalaiilA 

■                 38.  Li'iln 

■^                  at).  I.ir>litiil 

2.'»5.3SSf.O0O 
aHM.3l(l.7.1S 
261.130.075 
iM,HKl.U;5 

a60;i7o,o:.-. 

988, 09 1,711.') 
318.8711 .000 
238,083,015 
281.318,435 

ao»je4.6io 

I.HIO 
1,S80 

1.065 
1.5(W 
I.IWO 

i,(W:{ 

1.347 
1.MSI 
l.aS7 
I.19A 

79.  ICiirytionw  , 

ftl.  Ter]>»icltore. . . . 

N3.  Alemt-ne  . ,, 

I 

•    '    L^  1 

^^^1                                       The  Secondary  Planets  or  Sat«lUt«s.                         ^^| 

^^H          8S5  Compound   motion  of  the   sateUites.— The  rebt^H 
^^^^        magnitudes  itiid  diiittitictrs  of  the  satelliu-s  arv  uot  shown  in  Figs.  1 1^ 
^^^        3.  Uiough  their  u|>{>ro\imate  relative  dixtancM  are  represenit^d  bv  FiiE- 
^^H        11  (8J}3),  which  will  be  referred  to  again. 

^^^H            As  Ih^*  priniurici  rt-volvc  antund  the  tiun,  «o  the  itatelUii'S  rtTohc 
^^^^^^«ronud  their  priumrioa.      Like  ihe  primuriea,  they  uU  revolve  frnti 
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TMMti  except  tboae  of  Uranus  und  Ni-ptnnc,  which  reTtjIvL*  rn>tu 

tv  wuat,  m  ibdicaWd  by  th«  wrow  tu  Fig.  I- 

[SiitclliU'8  not  only  rcvolvtj  arouinl  the  primaries,  but  iKTDnipoDy  those 

their  jounioyij  nruuud  the  add,  besides  rerolviug  uroiiiiil  thvir  uirii 

i;  hcQce  ihcy  hft?f  ft  compound  motion.    The  octnal  track,  thfit-- 

L',  vhicb  u  sBtpUito  parsov^  through  apuce  is  hy  no  oiL-ana  h  simple 

Int.',  iVi  will  hv  ik-t-n  by  ubserviug  thi*  truck  of  the  Moou,  us  rcpn*- 

itcd  iu  Figs.  13,  14,'aDd  15  (B5&,  H5»,  aud  AOO),  to  bo  uxplnimd 

fr. 
|Lik«?  the  primaries,  the  Mt<llit«8  receive  their  light  and  heat  from 
«un.     TlirV  wrve,  in  the  ecunoray  of  imturo,  to  rellect  llie  light  «f 
|c  nun  npon  thtir  prinuiried :  thus  ditniDishiiig  the  d.arkueM  of  their 

lows  itr  nights. 

[Thr  following  tabh>H  sliow  the  magmtudes,  Histan^es,  vanX  j)eriodic 
UM  of  the  ttCTeinl  ficcoudaricB. 

\SSG,  The  Earth's  satellite  or  Moon.— The  diumeler  of  the 
>n  is  2,}ti:i  luilfs;  iLs  nu-au  liiriUiuct;  Inmi  ihe  earl.h  in  "J-IO-OWI  miles; 
:  rerolnl-ioD  on  its  axis,  called  synodic  revofuiion,  takes  placv  oocf  in 
day*  Vi  hours  44  minutes  3  gecoudfl;  its  perioitic  or  mdereai  revolu- 

jku  IK  accomplished  in  "^7  days  7  hours  43  minutes  1 1}  B«!«onda.  The 
>n  will  be  more  lurticnlarly  described  hereafter.    Rtv  paragraphs 

16  toH64. 

[S37.  Jupiter's  satellitea  (Figs.  1  and  3).— The  following  table 
liibit6  the  luaguitudeci,  dititancca.  and  jteriodio  times  of  Jupit«r*a 
eUtfcea. 


vuMnraits  tx  wum. 

DUTAXCtt. 

PBMMDn;  TIMXSu 

Int....   2.500 
•ill  ....  i'.aoo 

4th....  a^!K» 

3^,000 

440.IKKI 

700.000 

1,300.000 

1  day  Id  hours. 
8    "    Vi       ■• 
7    "    U       '* 

6    •'    16      ■• 

\S2S.  Saturn's  satellites  (Figs.  1,  3,  and  «).— The  distances  and 
iodic  times  of  Saturn'ii  6ut4!]Iit4.-8  arc  us  follows: 

5th,.     330,000—  4d»ys  Vi  hourK 
6Ui..     778,00l^— 1&     "     T2 
7tb..     040.000—24    "      0     •■ 
Sfh..  3,WrtH.0tNl— 7fi     «       7      - 


ltt..llH.0OO—  'iH^  huurt. 

_«d  ..1A«,000— I  day   0 
~  -1-31 

«    "     17 
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820.  TTranns*  satellites  (Fige.  t  and  3).— The  diatanow' 

Uie  periodic  times  of  thi*  eatj^iiiu-s  of  UraDus  are  as  folluwe: 


Dtitaneta. 


Pmriodie  71imo». 


Irt  . .  I2(),000_3  dayij  12  hourg. 
ad  ..iri.OOft— 4      "       3       " 
3d  ..3S8,000— 8     "17       « 


JhUanef*.  Ptrlodie  Ttoui 

4tb  ..  3i$U,000—  ISdaysllbonrt 
Sth  . .  ;77,000—  38    ••      S    ^ 
6th  .  1,556,000—107    "    16    - 


Theae  satellites  move  flvjm  east  to  west,  aa  before  stat^:  hence  thar 
nu>ti«n  ia  said  to  lie  retroffrttdru 

8S0.  Neptune's  satellites  (Figs.  1  and  3), — 8o  far  ad  knuvn, 

Neptuiiu  iu  itttcmli'd  by  <>iily  oiir  tMiU'Ilih-.  It  Pevolvea  ornund  iu  (ffi- 
1111117  '"  ^  ^y^  ^^  hourri,  at  a  diatauu.^  of  ^3(>,U0O  milea.  \Xs  niolion  if 
retroffrttde,  that  is,  fVom  east  to  west,  eauii^  lu  the  sitellitcs  ofUnuoiu. 

Comets — their  Nature,  Orbito,  Hotdons.  etc. 

831.  Nature  and  appearance  of  comets  (Fig.  1).— Con»a 
are  hoilies  which  rt'volvc  araimd  the  sun.  They  are  distinguishod  from 
tht}  planets  and  cKher  hi'iivenly  bodlee  by  a  luminous  tail,  which  ii 
iiituully  on  the  opjiusile  side  from  thu  auii:  though  8uni<.>  are  de«titiite 
of  this  appeiuLage,  while  others  have  several,  spreading  out  like  11  &a. 
It  is  geuvmlly  b<-tievcd  thut  comets  arv  uothtug  bui  a  muss  of  vii(Nir, 
more  or  less  condensed  at  the  centre.  Some  are  tmusparent  through- 
out their  whole  extent,  and  not  sufficiently  dense  to  obstruct  the  ric» 
nf  stars  in  their  range,  while  othert!  bare  an  opaqne  and  solid  iindriu^ 
called  the  head,  aa  rupnyient*>d  at  R  and  S,  Fig.  1.  The  bead  is  Kim^ 
times  surrounded  by  un  e«tv/ope,  wliieb  has  a  cloudy  or  fmfrif  appew^ 
aDOu.  Others  seem  to  be  only  globulitr  masfieit  of  vapor.  ConKB 
assume  a  great  variety  of  shapes.  Probably  most  of  tbem  are  mH 
gawouB.    In  short,  very  Uttte  ia  known  of  the  physical  uatnre  of  cooiet& 

There  lit  so  little  density  to  cometv.  it  in  doubtful  if  out>  would ik 
much  harm  were  it  to  come  in  collision  with  the  earth :  while  it  iu 
iMH'n  mathematically  demonstrated  that  the  chanoca  of  such  an  uveat 
octMirring  iH  only  ae  I  to  281  .(KKl.OOO. 

832.  Orbits  of  comets  (Fig.  1).— The  orbits  of  comets  are  gu- 
emlly  very  eccentric,  as  dliown  by  the  diagram.  Some  comet-s  fly  manj 
billions  of  miles  beyond  the  orbil  of  Neptune,  and  then  retnm.  Dibwb 
liy  the  attraction  of  the  enn.  eo  nearly  in  a  direct  line  toward  the  «aB. 
thnnigh  sueh  vast  distanoea.  they  aoqairo  an  amazing  Telocity. 

The  comet  of  t6A0  had  a  tail  06,000,000  of  mi lej!  in  length. 
from  a  disuuioe  of  13,000,000,000  of  miles,  this  comet  swept 


through  it«  pr-riheliun,  within  ISO.OOO  miles  of  th>f  Biiii,  >«*ith  iho  im- 
nif^ndi'  volocitt'of  a  mitUoM  miles p*r  hour  ;  suUjcct  to  a  h^at  of  the  snti 
thotisfuids  of  times  more  ititcnse  than  thnt  of  rt-)d-hot  iron. 

833.  The  periodic  times  of  comets  are  very  Tiirioua:  some 
beiog  liiniU'd  tu  u  tew  yt.iirij,  wbitt^  others  extend  through  centuries. 
\J\>  iu  the  begiuning  of  the  Hth  eeiiiurj'  no  correct  uotiona  hud  hei.'U 
ent^^rLaincd  Id  res]>ect  to  th«  paths  of  comets,  while  now  the  elements 
of  about  137  have  been  calculated.    Of  these,  30  passcil  bt-twwn  the 

isun  and  thtf  orhit  of  Mercury :  44.  Itetweeii  the  orhita  of  Mercnr)"  and 
Venus;  34,  tK>twe^n  thi^  orhit«i  of  Vonus  and  the  Kufth;  «'9,  between 
the  orbits  of  the  Earth  uad  Jupiter. 
The    periodic    l.imea   of    ihri^«  u-uM-kDOwn    comets  are  lut    followai 
Eock«'s.  U'iVi  days:  Bielu's,  '^.401  dajs;  and  Ilallcy's,  ^»,W0  days. 
8S4-  The  number  of  com.et8  is  not  known.    The  mimljerob- 
Berveil  Bince  the  Christiuu  i.-m  is  G&O,    The  IksI  judgen  Wdieve  then? 
many  thousands;  while  M.  Arago,  by  a  certain  theory*  etiUinatcs 
lem  by  the  billions. 

SSo.  The  direction  of  the  motions  of  comets  is  not  uni- 

}nn,  like  llie  planets.    They  obserre  no  one  direction,  as  fVom  west  to 

sL    They  move  in  every  possible  direction.     Some  move  from  west 

east,  otheni  from  oast  tu  wvaU  while  others  seem  to  come  up  fniui 

Ihe  irnniea*urable  depths  l)elow  the  ecliptic.     Others  api>ear  to  come 

lown  from  the  zenith  of  the  universe;  wliilt^  othero  come  and  go  in 

rery  possible  direction,  seeming   to  dash  through  apace  and  whirl 

around  the  ami  promiscuously.     Ycl,  of  the  Iiiindn^d  or  mon-  whose 

Ielemeiits  have  l>eeu  calculated.  49  move  from  east  to  west,  and  49  from 
brest  to  east. 
I  Tctoacopic  Views  of  the  Prim&riea. 

I  836.  A  few^  particulars  relating-  to  the  telescopic  vieivs 
of  the  primaries. ^They  all  have  llie  gftuie  geiiemi  Jitturc.  tlial  is, 
spherical  or  sphemidai.  Fig.  7  (850)-  They  all  seem  to  lie  anrroimdcfl 
by  an  atmo.iphere  of  greater  or  Icaa  density.  Spots  and  Iwlta  seen  upon 
their  iturfaivs  seem  to  he  ]>ermanent.  and  imiiciitive  of  divisions  of  land 
and  water,  like  the  seas  and  continents  of  the  earth. 

Of  Mncury  but  little  can  bo  seen,  owing  to  its  obscurity,  caused  by 

rness  to  the  sun.    It  is  claimed,  however,  that  spots  and  moun- 

have  been  seen  upon  its  surface.     It  has  a  faint  bluish  tint. 

The  surface  of  Vtmu  Is  variegated  with  mountains ;  some  of  which 

estimated  to  be  twenty  miles  high.     Tlie  spots  vary  in  form  and 
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nnmber.    The  atmosphere  of  this  planet  iit  irapposed  to  be  T«nr  dean, 
Imt  oulj  aixmt  three  miles  deop.    Its  color  if  gilyory  white. 

IC  the  Earth  were  viewed  with  n  telescope,  siiy  ^om  Mcrcarr,  the 
eoutinontu  auil  islands  woiihl  appear  brighter  thau  the  rest  or  tiie  ^l^ 
faue,  wfiile  j.hi*  nei'MiiK,  t^as,  and  lakeo,  reflecting  leas  light,  wonid  apfieor 
lose  brishu  Ah  the  earth  revoKea  on  her  axis,  these  diffV-rent  Bhaduof 
hght  or  fipotei  wonld  be  seen  crossing  the  earth's  disk  lu  twelvu  boiin; 
while  cloudd  and  snows  would  cause  changes  in  ita  appearance,  and 
show  that  the  earth  is  snrrouuded  with  an  atmosphere. 

The  surface  of  Man  is  variegated  with  oceans,  seas,  continent*, 
mountains,  nnd  rales,  which  are  disoemed  with  perfect  diBtinotnew  and 
oiitliiieK.  The  oolor  of  this  planet  is  red,  which  is  supposed  to  be  Uie 
result  of  a  dense  atmospliere. 

The  Asteruirts  are  so  distant  and  fimali.  that  little  is  known  regird* 
ing  their  appearance.  Seen  through  a  telescope,  they  have  a  paleuh 
color. 

The  axis  of  Jupiter  has  so  little  inclination  to  the  plane  of  its  orbit, 
there  can  l]e  but  little  or  no  change  of  seaaons  at  the  same  parallels  of 
latitudes,  nor  any  difference  in  the  length  of  its  days  and  nighii 
Hence,  there  in  perjtetual  Buranier  in  the  eciuaforial  ri'gions,  and  per- 
petual winter  in  the  polar  regions.  Viewed  through  a  teli'tuxiiN',  Ju- 
piter appears  to  be  surrounded  by  a  number  of  luminouB  zones,  ntmill; 
called  beilg.  These  are  parallel  to  the  e({uator  and  to  each  utlier,  Imt 
subject  to  considerable  variation,  both  in  breadth  and  numbers. 

The  surface  of  Saturn,  like  that  of  Jupiter,  ii  diversified  with  briU 
and  dark  spots.  That  which  distingnishes  this  planet  frotn  ca-fT 
otliiT,  and  wliioh  renders  it,  of  all  other«,  the  nioal-  intere.'iling  »l»r 
body,  is  a  magnificent  zone  or  ring,  surrounding  the  planeL  Tliii 
peculiHrit}',  the  only  one  within  the  reach  of  telescopic  obsermtioik 
will  be  referred  tu  again. 

Uranuf.  through  a  telescope,  exhibits  a  small,  round,  uoifomlr 
illuminated  disk,  without  rings,  belts,  or  spots. 

yeptune  is  too  far  away  f^om  the  earth  to  present  any  striking  pcci' 
liarities. 


Orbits,  Ecc«Dtriclty  of  Ort>it«,  etc. 

8S7.  FigTire  4.— Orbits  are  olliptical.— The  orbits  of  hcawo* 
ly  bodies  are  not  circular,  but  elliptical ;  and  the  central  body  aroan^ 
which  another  revolves,  is  always  situated  in  one  of  the  two  foci  of  It* 
cllipp*'.  The  revolving  body,  therefore,  is  sometimes  nearer  to  the  ceatnl 
body  than  at  others.  For  example,  the  hody,  8,  wliinh  may  repre*"*^ 
the  cartb,  is  nearer  to  the  snn  than  when  it  is  at  T.    The  orWtsof  r 
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U«fi  are  more  «;UJptical  than  others ;  those  of  comets  being  the  most 

8S8.  The  eccentricity-  of  a  planet's  orbit  is  the  distance 
of  its  centre  from  the  centre  of  the  sun.    For  example,  the  dotted  line 

Fra.  i. 


(Fig.  4)  paasea  through  the  centre  of  the  orbit,  and  the  distance  from 
the  centre  of  this  Hne  to  the  centre  of  the  gun  below  it,  ia  the  ecaentrtci- 
^y  of  the  orbit 

The  ecveuCricity  of  the  orbits  of  the  several  plancte,  expreetwd  in 
lik-a.  i4  as  follows: 


Mercury 7,000,000 

Venue 49U,000 

Earth 1,618,000 

Mftrs 13,500,000 

Vesta 21,000,000 

Juno 64,000,000 


Cert-s 31,000,000 

PallAS 64,850,0fK» 

Jqptter 24,0<H),000 

Siiturii 4!),000.000 

Unmua 86,000,000 

Neptune unknown. 


\ .. 

^Tiote  80  much  from  a  circle  hk   might  Uc  imagined  at  first  thought 
J-'or  iostanoe.  the  mean  diBtaiicu  of  \\w  ejirth  fmm  Ihe  gun  is  95,000,000 
henoe,  its  eccentricity,  being  only  1,618,000   miles,  wonld 
bt!  noticeable. 
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8'30.  Aphelion  and  perihelion.— .I/zAWion  U  that  puiut  in  llw 

urbii  ofu  pliuK't  whitrli  u  »t  thu  grcute^t  dieiancc  from  the  ntu:  aud 
perihelion  jg  thiit  point  lu  the  orbit  which  is  oearvtft  tbe  suu. 

S4O'  ^^0  radius  vector  is  a  line  dravn  (Vom  the  sun  to  » 
[ilant't  in  iiiiy  purt  of  Uk-  urbil,  ua  tlic  lines  A.  1^  K,  Fig.  4. 

f*?^  /.  The  radius  vector  passes  over  equal  areaa  in  equal 
portions  of  time.— Tliui  ie,  if  thr  ari-us  (Fig.  4)  1,  ',*,  3.  4.  5,  lUiJ  6, 
are  alt  eqiiul  to  each  other,  then  the  plaaet,  S,  will  pasa  from  H  to  A  ia 
the  (saniL-  limu  that  it  would  Tram  A  to  £,  and  from  B  to  P,  and  fron 
F  to  II,  aud  80  ou.  If.  theu,  the  ellipue  be  divided  into  twelve  equi 
areas,  uiisvenng  to  the  twelve  moiitha,  the  earth  will  pagd  thruagh  aa 
e<|ual  area  every  month,  bnt  the  space  throngh  which  it  |mu)iV8  in  iu 
orbit  will  be  dccreaaod  during  every  month  from  the  peribi'tion  (al!:?) 
to  the  aphelion  (at  T),  and  inoreaaed  during  every  month  from  Uie 
aphelion  {at  T)  to  the  periheliuu  (at  S). 

S4^-  Figure  5. — Circular  or  curvilinear  motion.— It  hu 

been  abown  (58),  that  wln-n  a  body  is  acUrd  un  by  Iwy  lurcvs  perpeu* 

1^0.  ti. 


dicnlar  to  ^ach  other,  its  motion  will  be  in  a  diagonal  direction  brtween 
tliG  (lirectiouB  of  the  two  forces. 
Iiet  S  represent  the  sun.  and  K,  the  earth.     Draw  the  lino.  R,  and  the 
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tno  U  jHTpf  ndiciilar  to  R  If  the  earth  were  moving  in  the  directiou 
of  L.  with  u  velocity  thiit  votild  carry  it  ovor  the  arrow,  T,  in  the 
sanif  time  that  tin-  uttrairlion  uf  tijt!  ^m\  wuuld  Uraw  it  oyar  the  arrow, 
K,  thou  the  rceultaiit  of  ihe  two  forces  would  carry  it  over  the  dotted 
diaguiLul  line  to  F.  Bat  the  cumitant  force  of  attraction  of  tho  sua 
cutiKi'S  the  earth  \v  move  ui  the  direetioii  of  tho  curnd  instead  of  tlie 
striiiglit  diii^orial  line.  What  is  true  in  the  [taiiisage  of  the  earth  from 
E  to  P,  is  also  tnie  for  every  other  part  of  it^  paaaage  around  the  sun, 

[will  be  nnderatood  by  inajtecting  the  diagram. 
S4S.  Ceatripetal  and  centrifu^l  forces.— If  the  huh  should 
vcaae  tontlni(.-t  iheeaith,  The  earth  wuuld  justuully  paHu  oti' in  a  alraight 
line,  tangent  to  itt>  (jrhit.  I'Vr  instance,  if  the  auii  sliould  cease  ite 
attraction  when  the  eartli  in  at  the  point  K  (Fig.  5),  the  eartli  wuuld 
|ia£8  off'  in  the  diiTPtion  of  L.  This  tt'ndency  to  ]>aj«  off  in  a  ilraighl 
line  is  called  the  projectile  or  ccKin'/ii^^rf/ /or<w.  Were  this  cwntrifugul 
foroj  to  cease,  which  it  would  do  were  the  planet  to  ceuse  moving  in  it« 
orbit,  then  tiiu  sun  wuuld  di-aw  tlie  planet  to  Itself  by  the  force  of  attmc* 
tion.  This  force  of  uttniction  to  the  centre  of  motion  is  called  the 
ctHtripetttl  or  cnHtre-Sffh'Mg  fyrct. 

H  S44-  ^^y  *^*  planet*  do  not  fall  to  the  sun.— From  the 

expliinutiuii  of  the  cciitrirugiil  aiul  et-mripetal  forces  jnat  piven.  it  will 

be  seen,  tliat  if  these  two  forlH■^  wtiv  in  exatrt  and  eonnt«nt  ei|uilil»riiini 

the  orbit  of  the  planet  would  necessarily  be  a  perfect  circle.     Hut  aa 

these  two  forces  are  uot  Ui  uouBiant  equilibrium,  the  orbit  in  not  a 

circle.     Now,  a:*  these  two  foroi-a  are  not  in  equilibrium.  tUey  must 

athmutely  prepunderiite.  otluTwisi-  tin-  planet  would   either  \ym%  off 

from  the  sun  or  U-  drawn  to  it.     Hut  within  certain  lirniti^  this  is  just 

what  take*)  place. 

ThL-  eartli  (Fig.  4)  in  moving  from  8  to  T,  in  the  direction  of  the 

^irrows,  ia  {lUtiaing  further  and  further  front  the  sun.  and  the  sun's 

Hbiiraction  is  diminishing  its  velocity ;  and  when  the  velocity  is  so  far 

diminished  that    the  centrifugal  fuice  is  reduced   to  an  equilibrinni 

I  with  the  centriiK-lal  force.  whiL-h  takea  place  at  the  aphelion  (or  poijil 
T),  the  centripetal  force  begins  to  preponderate  and  increase  the  vein- 
pity ;  and  when  it  hns  so  far  increaRwl  the  velocity  that  tho  cpnlrifugal 
force  beeonifa  greater  than  the  ct^ntripotal,  which  takes  place  at  the 
perihelion  (or  point  8).  then  It  begins  again  to  Bweep  away  tVoni  Ihe 
snn:  and  thna  the  planet  continues  |ier]K'tnally  to  revolve. 

84s.  Centre  of  gravity  and  motion  of  the  solar  Bjrstem. 
-Not  only  do  tin-  planet^i  revolve  around  the  8uu.  ami  the  tuitellitee 

2» 
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ATonnd  rJie  planets,  bnt  >>etwecn  the  sun  nnd  all  the  Bolar  boditt  tbt 
rtvolrc  around  him  there  is  mutual  attruction.  That  U,  each  Indj 
attnicU  tlie  snu  ju»t  iis  much  h^  thi.>  tsuti  uunicts  it.  In  (he  bbdic  ouu- 
m*r,  eaoh  Iniily  of  (.lie  solar  ajstiun  atimeta  ever}-  other  bc)dy.  Hence. 
in  iwy  giveu  positJoQ  of  all  the  solur  bodies,  there  h  enme  un«  point 
whic-U  is  the  cuutrc  of  gravity  uf  tlit*  whuly  ByBtcni.  If,  in  this  gim 
|to8itiou,  all  thf  bodies  compulsing  the  ^olar  oysteui  vt^n  rigidly  fu- 
tencd  together,  as  by  rods  or  bara,  and  the  whole  rig^d  systeiD  rtt  to 
revolving,  it  would  continue  l^i  revolve  around  this  common  imapiun 
centn.'  4>f  ^'ravity.  Nnw,  ori  thi'  ijiiaiiUty  of  inatu-r  iu  tho  iiun  isBhiut 
?5U  times  greater  than  that  of  till  the  planets  and  other  solar  boiLix 
their  wbuli.-  uuiLed  furou  of  attnititjoii  is  T^O  tinieH  less  than  thatofllic 
Bun.  Tlii*  common  centre  of  grurity  luid  motion,  therefore,  in  not  tir 
/row  the  »nn.  Were  all  the  other  (solar  bodies  «il«aled  in  their  orbili 
uri  one  aide  of  the  euii,  erou  then  he  would  not  lx>  more  than  htHotn 
diameti-r  fnim  tbifl  common  centre  of  jfi'avity  and  motion.  Rcnot  Ik 
sun  in  justly  considered  the  centre  of  the  system.  Aa  the  plsn^M  in' 
coiitiiniatly  i-liunging  tbeir  relative  pujjitiuns  around  ihe  snn,  this  cxiBi- 
mou  centre  of  gravity  aud  motion  is  contijiually  undergoing  sl^bl 
changes  of  positiou.  ii*  regards  the  solar  system  itself;  yet  it  nwn* 
around  aomc  other  central  systeni  at  the  rate  of  20.000  miles  per  Imur 
completing  its  revolution  in  18,000,000  of  years. 

S4fi-  P1&116S  of  orbitB.— ir  a  piece  of  wire  be  bent  in  the  ten 

of  0  circle,  and  paper  stretched  across  and  fastened  to  the  wire,  the  wii« 
may  repriwnt  the  orbit,  and  the  paper  the  plane  of  iht  orbit.  Of  cowift 
the  orbit  and  plane  are  imitgituiry. 

847.  Fitpire  6.— The  eoliptio.— Suppose  tbe  plane  of  ^>^ 
nvrth's  orhit  ti>  piui«  through  the  cenCre  of  the  sun,  aiid  to  extentl  ant 
on  every  aide  to  the  stiirry  heavens.  The  great  circle  so  made  wobM 
mark  the  line  of  the  eriiptic,  or  the  sun's  apparent  path  through  tke 
heavens.  It  is  called  the  ecliptic,  bccanse  eclipses  happen  when  tbr 
moon  is  in  or  near  this  apparent  path. 

The  axia  of  the  eoliptin  is  an  ituagitmry  line  passing  through  tbr 
wntre  of  the  sun,  perpendicular  to  the  plane  of  the  earth's  orbtt,  and 
the  pot/fn  of  tbe  ecliptic  are  the  extremities  of  this  line. 

In  the  flgnre  the  dotted  line,  00,  passes  through  the  oentre  of  lie 
oval  nbieb  reprcecnts  the  plane  of  the  orhit  of  the  earth,  or  the«oUplic; 
and  the  line  R  repreaents  the  axis  of  the  elliptic 

The  other  dotted  line  in  the  figure  paasea  through  the  opntrp  of  tbe 
oval  which  represents  tbe  plane  of  the  equinorlial.  This  plane  passi-A 
through  the  centre  of  tbe  earth,  and  coincides  with  tbe  equator  of  U>» 
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irth.    The  nxi'it  o{  U)i>  pr)iiinocttiil  is  represented  bji  lia-  liiiu  A.  which, 
'course,  la  iiunillul  with  the  axis  of  the  earth. 

Pin.  9. 


84s.  Obliquity  of  the  ecliptic  (Kig.  fi).— The  axis  of  the 
^Mcliplic.  IC.  and  (he  iixi8  of  the  eqiiiiuietial,  A,  form  \\n  uiigU^  of  :23| 
^pjpgrpew;  lience,  the  plane  of  the  ecliptic  forms  the  wniie  ungle  with  the 
BpUne  of  the  earrh'a  i-t^uator.  or  the  wininootial.  This  Inclinutiou  of 
^the  u-li[iLif  to  the  winator  of  the  earth.  Is  23"*  38',  called  the  obliquity 
of  the  ecliptic.     This  will  be  more  clearly  shown  hemafter. 

H4^.  Inclination  of  the  orblte  of  the  planets  to  the 
plane  of  the  ecliptic  (Kig.  t>).~The  planea  of  tbv  orbits  of  tiie 
primury  plaiu-t«  all  \m\ah  ihnin^h  the  M-ntre  of  the  sun.  and  forni 
angles  with  the  euliplic  or  plane  of  the  orbit  of  the  earth.  The  iucH- 
nation  uf  the  oHiits  to  the  plane  of  the  ecliptic  is  shown  in  the  fol- 
luning  table,  seveml  of  which  are  represented  bv  the  ovals  in  the 
ligure. 


Mercnrv... 7      Jegreea. 

Venua.. 3} 

Uars a 

VesU 7 

Asti-jra 7J        " 

Juno .13 


Cerea IflJ  degrees. 

Palliui n^       " 

Jupiter i\       " 

Saturn ^      " 

TTraniis }       " 

Neptune I J       " 


It  will  lie  ol»8erved  that  the  orbit  of  Palla«i.  marked  P,  in  the  flgnro, 
r>rrnLB  u  much  larger  angle  with  the  ecliptic,  00,  than  any  of  the 
4ithent. 


i»(\ 
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S50.  Figure  7. -The  agure  or  form  of  the  plaiieto.-Tli» 
plttiivtHf  Hiul  liuavmily  builieti  gL-iienttly,  iiidLnul  uf  bring  irxiu-'tU  n^iad 
or  ephericul.  uk  uttualt}'  represuiitifd  in  tint  dia^^niH,  art-  uhhU  Afthf'<i.h 
tliat    is   tlit'ir  t^imturial    iliaiiieliTS  uru    gri'uicr    ilmii    their  )•  ji 
diaiiitrt«ra. 

U  iii  iiuppi)«-<l  tbal  Ihe  pluuete  wvn*  once  in  u  mc-IU-d  or  liquii  -. 
Fig.  7.  Suppiiw  the  ligiirt-  (<»  r., 

u  [ilatieL  ill  such  K  stair,  u^ 
perfe<?tly  roand.  If,  n»»,  ii 
Ix-ginii  to  revolTc  on  ttK  it\ih 
A.  it  will  tiiku  tlie  fonD  hIiovh 
by  the  doitt^  line. 

The  rMimm  uf  tltin  u  i'Ikd. 
Al.  the  wjiiatur.  K,  thi*  crtirjf- 
ugul  ittnx  \s  grmtU-T  tiian  nt 
Laud  L:  aad  grtaitoratLwil 
L  than  al.  S  and  8 ;  while  m 
the  extivniitii's  of  (he  Mi»  A 
It  ia  nothing.  Heno^,  titc  ntt- 
tivf  intensity  of  this  forw,  in  different  parts  »f  thi-  t^phcrv.  nwy  I* 
rppresentod  bv  the  rolativo  length  oC  the  seventl  urrown ;  which  alw« 
that  the  gn-at'eat  clniifijiiimi  vill  be  at  the  equator,  and  thopwtkii 
contraetion  lit  th>-  piAfg. 

Thu  ttint-rcuL-e  Urtwecu  the  i-(|imlurial  ntid  polar  diatuvten  of 
of  the  planets,  is,  respectiTely,  m  foUow«: 

Earth 3f>  mil^a.    I    .lupiter G.itUO  mil 

Mars 35      "^       |    Satam 7,ftiW      " 

Grr*at  niajftiitude  and  rapid  rotatiuii  give.  Jupiti-r  and  Siitiini  a  laigt 
dilTeri'nut!  bulwi-eti  CliL'ir  i.H{ualurtal  aud  polar  diaiut-tur^ 

8SJ.  Figure  8.— VesuB  as  morning  and  evening  at 

—  Ijft  thL-  student  supjHise  hinisell'  lu  tttand  with  bits  Cum;  to  the  wnthi 
and  the  plane  IIH  tu  reprctfeul  the  vJeible  liuri»ni ;  and  thedotW 
line,  the  daily  |>ath  of  the  sun  ;  and  S,  the  apparent  position  of  tlni 
earth.  The  snti  i»  shown  &»  nning  al  E,  itud  s<'ttiug  al  W.  and  oa  tlie 
meridian  at  K,  while  Venus  is  setn  ivvolving  around  the  ana  in  the 
direutiuri  of  the  arrows,  fnjm  west  to  east 

Now,  it  la  Dbvions  that  when  Venus  is  at  T,  or  wuat  of  the  nnn.  il 
jituiwes  Mow  the  horizon,  or  set*,  ae  iit  N.  laTore  the  snn :  and  riwa  b^ 
fore  the  sun,  aa  at  £.  Hentv,  while  Venus  is  in  this  part  uf  her  orlst. 
il  will  be  ftwrHing  »(ar.  When  it  ia  ea«t  of  the  sun.  as  at  P.  it  vill 
linger  in  the  west  after  the  sun  sets,  as  at  W.  and  is.  ouniiM|U« 
freni»if  »tur. 
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SSS.  Figures  9  and  10.— Saturn's  rings.— Pig.  9  repre- 
eeots  Sat  uru  aa  eeen  thranxli  the  t«l(!ec<]pe.    Thu  light  of  the  rings  is 
lorr  brilliant  than  that  of  the  pluiu't     The  ringt:  lie  in  the  pLune  of 
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the  planet's  *>*|nator,  and  revftlve  ftrotintl  their  centre  of  motion  in  the 
estnc'  time  that  the  |iIdiiL'i  rL-volvt^a  on  Its  axis. 

Am  the  axiti  of  (lie  planed  like  that  uf  all  the  other  pUliietD.  prrtervM 
ifn  fmraHelifm  in  all  parts  of  itti  orbit,  tlie  rings.  U8  seen  from  the  eartbt 
will  vary  in  a|ipv'ar!ince.  as  they  an'  viewed  m  different  parts  of  the 
I'hinct'ft  orbit.  Stmietimeg  they  will  be  seen  edgewise,  when  they  will 
reflect  no  light  to  the  earth,  but  appear  like  a  dark  line  drawn  acrosB 
the  planet.    At  other  times  they  will  be  seen  more  or  \em  oblii|iiely.  m 


4as  ^^^r        AirvROsoMr. 

l^o   10  representvU  in  Fig.  9 ;  but  thej  are  pet« 

seen,  twm  the  earth,  perpendtcitlari}',  u 
shown  in  Fig.  10.  Wero  either  polo  uf  tbc 
|)liLtn-t  oxflctly  towiirt)  llie  eurib.thej  wodW 
then  |irr-8ent  u  |ieri>i;niiicular  view. 

Aft  thu  planet  revolvea  urount)  tin-  nn 
once  in  30  years,  of  course,  one  side  of  Uif 
rings  will  be  eeeo  during  |>iirt  uf  tlit»  pe- 
riod, and  the  other  itiite  dtinng  the  otiirr 
)>art  i»r  \\&  rerolutton. 
As  Saturn's  moons  (except  one)  revolve  nninnit  the  planet  nearly  ts 
the  pliiiii'  i>r  it«  ei|uator,  they  are  seldom  L'cli(>sed. 

The  dinmetera  of  the  rings  and  their  dietttnees  from  the  plani'tw 
a£  fulluw;): 

Diameter  of  the  planet 7».CHH.i  mUw. 

Distance  to  the  interior  ring 20,000      " 

Width  i^rtlie  interior  ring 30,000      " 

Spwi-  >M*twcpn  the  two  ring« 2,000 

Width  of  the  exterior  ring 10,000      " 

ThiekneffH  of  iht^  rings 100      " 

The  diameter  of  the  outer  ring 183,000     " 

Hence,  the  thicknem  Ia  hut  ^y,^  part  of  the  diameter,  vhicb.  ivk- 
lively,  is  thinner  than  ii  sheet  of  letter-pjiper.  Yet  the*  rings,  acoonl- 
■ng  to  Ueridchel,  arv  coiii|Kwed  of  bulid  ojiaquu  mutter,  and  probabljriK 
iohubited. 

A  thiiil  ring,  interior  to  those  alcove  described,  was  disoovvml  in 
1850,  by  Mr.  itund,  of  Cambridge,  Miw«a<ihn setts. 

To  the  inhahiuinl^  of  Saturn  theae  rings  uppeur  like  rast  arcliefcoT 
semicircles  of  lighi,  ejitending  from  the  fjiKtern  to  the  wt-.'JUTn  Imriwn- 
During  the  diiytinus  tliey  upjK'ar  dim,  like  a  white  cloud,  but,  vt  'H^ 
Bun  goeu  down,  their  brightncK}  incretMes. 

Fio.  IL 
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8^3,  Figtire  11.— Distances  of  the  satellites  from  their 
primaries.  -Tliip  li;;tin-  riipresenlii  thi-  dii^Uuu'i'*  <>['  tlie  tfiiti'lhUi 
I'ntni  their  primaries,  mriisured  in  ftemi-difimeu*rfl  of  the  IuIIlt. 
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rtii?  line  at  the  top  roprmciitfl  ttu>  dUtAnoo  of  thp  moon  from  th? 
earth  as  being  60  lliufi!  ae  far  us  the  diBtuuc^  ttom  tlic-  centre  of  the 
earth  to  its  circumfeivncv.  Each  ilivisioii  of  the  line  wpn'sonta  10 
Bemi-Uiamcters  of  the  earth-  Taking  the  semi-dinmL'ter  as  4,000  milt-M, 
we  hare  BO  x  4,U00  =  240,000  milf-B,  aa  the  distance  of  the  inoim  from 
the  earth.  Tlie  tthort  vrvtss  lines  r«pretient  small  [iarl«  of  the  orbils  of 
the  MtelHtes. 

The  several  planets,  repregentitl  in  the  figure  below  the  earth,  aiv 
Jupiter,  Suturu,  llranuA,  uud  Neptune.  Compare  ij^lj,  t^7,  S2tJ,  ti^d, 
and  830. 

8S4-  Figure  IS. — Solar  and  sidereal  time.— The  rotation 
of  the  cartii  nu  iis  axis  eoiistitutea  one  of  the  moat  important  elements 
in  a«tTonomical  science;  for  the  reason  that  it  i^  taken  as  the  standard 
of  eumpuriaon  for  the  revolution  of  all  other  celestial  bodies. 

The  earth  performti  one  complete  revolution  on  it-s  axis  in  33  hours, 
SS  minutts,  and  4.09  seconds.  This  is  called  a  fitiereal  liay  :  because, 
in  that  time,  the  stars  stem  to  complete  one  revolution  around  the 
earth. 

But,  an  the  earth  advances  nearly  one  degree  eaAtward.  in  its  orbit, 
in  the  time  it  turns  eiwtwanl  around  its  axis,  one  rotation  will  not 
bring  i\\v.  >ume  meridian  around  fnmi  the  sun  to  the  sun  agiiiii;  lliere- 
fore,  tiie  earth  must  make  somewhat  more  than  one  rotation  to  com- 
plete a  »»((ir  dfty. 

f>upposi^  a  man  to  be  standing  at  a  givt;n  point,  at  \'Z  o'clock,  noon, 
on  the  earth,  at  K,  und«^r  the  line,  .SM  ;  then,  when  the  earth  eliall  have 
tnmed  on  its  axis  so  that  he  will  again  see  the  snn  in  the  meridian,  it 

fl  again  be  \2  o'clock,  noon.    The  earth,  in  the  nit'antime,  will  hare 
Fin    !'J 
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{WBsed  from  E  to  Pv  and  he  will  now  see  the  suu  in  the  direction  of  the 
dotteil  line,  KD,  instead  of  the  direction  of  the  line,  SID,  coming  from 

tstar.  N. 
he  differ*'nce.  then,  lietwwn  the  Jiiderca!  day  and  the  miar  day,  is 
length  of  time  it  takes  the  earth  to  rotate  from  the  line,  SIt>,  to  tlie 
le,  Hl>,  which  is  foHi-  minnten. 
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If  the  eHrtlt  wei-e  not  rerulvJiig  an>uu<l  the  sun,  the  siden-al  and  solar 
(lays  wniild  be  of  the  iwme  length. 

In  365  solar  duya  the  t-arth  luriis  366  times  iironnd  ita  axis.  Thle  ii 
Ithv  uf  all  iilaiifls.  wiiiit*;ver  lie  the  length  uf  their  days  or  yi-are. 

Siilereal  days  tun-  alwiiys  uf  the  wime  length ;  hut  tho  Eolar  days  Twy 
in  length  at  dilferent  tinii's  of  the  y«kr.  This  variation  is  dne  to  two 
ntiises,  iiaiiii-ly,  iIk'  iiic-Iliiutiun  uf  the  L'urth'a  aAis  io  the  plauti  of  iti 
urbit.  nud  tlie  inecjuulity  of  it«  niutiuu  around  the  sun.  Hence,  the  timt^ 
shown  by  a  well-i-cgulated  clock  and  that  of  a  true  sun-dial  arc  waiircelT 
ever  tho  same.  The  difference  between  them,  which,  sometimes,  is  Irt| 
miimtes,  is  called  the  Kqunlion  of  Timf,  or»  the  e<|u»tiiiii  of  solar  days. 


The  Hoon— it«  PatJa.  Phaoea.  etc. 

8SS.  Figure  13-~The  moon's  path  around  the  sun.— 
Thmigh  the  orbit  of  flu*  rniMiii  it^  an  ellipee.  with  re^iiwet  to  the  earth. 
it  is  in  reality  an  irregular  curve,  altvayn  concave  toward  ihr  sun.  u  it 
wilt  jiresi-ntly  appear. 

To  obtain  a  cnrrecl  idea  of  the  path  of  the  moon,  it  will  ho  neeessaiT 
to  consider  Figa,  14  and  15 ;  bni  Kig.  13  will  be  first  explained. 

Pia.  13. 
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When  thn  moon  is  at  A.  and  the  earth  ia  in  its  orhit  on  the  «^htf, 
A-  it  is  nfir  moon.  In  about  14  days  the  moon  n-aclu*  F,  and  willl* 
seen  from  the  earth  as  full  mimi.  In  aliout  14  days  more  i*h*-  n-odrtt 
F.,  whtjn  it  is  now  moon  again ;  and  so  on.  perpetually,  ttlien  it  la  nrt 
mouu,  she  is  in  conjunction  ;  when  it  is  full  moon,  she  is  in  oppatitxtm. 
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It  will  be  seien  that  Che  12  riTolimoniiof  the  ntoon.nnd  thi-  1  icyo- 
lution  of  thf  earth  do  not  tcrmiDate  at  the  same  time.  From  the  new 
inouii.  at  A,  around  to  ihi-  nvw  mouii.  at  Y,  uiv  just  M  lunar  months 
or  rvvolutiona;  but  ut  this  time  thi.-  earth  is  vy  ^0'  Bhort  i>r  her  elart- 
ing-poiiit,  or  of  mmplctuig  her  year.  The  lunar  year,  con&isting  of  12 
■vnoitiriU  reTolntiuQ£  of  the  mooo.  or  340  dayn,  is  19  days  shorter  than 
till'  firil  year. 

^oO.  Sidereal  and  synodic  revolution  of  the  moon.— For 

the  same  rtasiiii  rlial  ii  tiiii-T.-ul  ila;  in  nhurtiT  iluiii  a  !-t)lar  diiv  (SM), 
tiii;  sidereal  revolution  of  tho  moon,  which  iake^  place  in  %7^  days,  U 
ehoroT  than  the  synodic  period,  jui^  explained,  which  takus  plaoe  in 
211 }  day 6. 


n 


S57.  The  rotation  of  the  moon  on  her  axis  takes  place  in 

the  Ame  time  that  she  makes  ime  synodic  revohition.    Hence,  the  same 

'      fiile  uf  the  moiin  iti  alMaytt  turned  toward  the  earth.     Therefon.*.  her 

dayuiid  ni^'ht  together  cannot  occur  hut  onue  in  :2l*}  durs.    The  moon, 

con»e<|uentIy,  hii«  hut  one  night  and  om*  day  in  her  year,  containing, 

Ioth  together,  %\\  days.  1^  hours,  44  minutes,  and  3  seconds. 
858>  The  moon's  libration  in  longitude  and  latitude.— 
)wing  to  the  elliptii-ity  of  the  moou'ij  urbit,  liud   the  ciju^H|Ueut  iu- 
qimlity  of  her  angular  velocity,  she  a])pcara  to  rail  a  little  on  hor  axis 
mm  east  to  west,  and  weat  to  east.    This  is  called  her  Ubmtion  in 

^fe    The  aiis  of  the  mtrao  ta  inclined  to  the  plane  of  her  orhit  only  about 

^Bliv  and  a  half  degrees;  hut  even  thid  etiighl  inclination  enables  ne  tu 

^Dee  lir^l  one  pole  and   then   (he  other,  in  ht<r  revohition  aruund  the 

earth.     These  flight  rolling  motions  arti  called  her  iibralioH*  in  tati- 


% 


SiiO.  Figrure  14.— The  actual  path  of  the  moon  is  nhown 
py  the  line,  II.  )-'.  A,  K.    Siip|>oik-  the  doii'itl  lin<-  In  reprcM-nl  apart 
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of  the  varth's  orbit.  At  II  the  moon  crosses  the  earth's  track  240^ 
miles  behind  the  earth.  Gaining  on  tlie  earth,  she  \f»eae»  it  iu  7  dsjn 
at  F.  as  a  fnll  moon.  Continuing  to  gain  on  the  earth,  in  ?  dajri  more, 
she  crosses  it.s  track  at  A,  340,000  miles  ahead.  From  this  point  ihe 
cai-th  gains  on  the  moon  for  7  days,  when  it  overtakes  her  at  P.  vlitn- 
shi!  is  ii  new  nioon.  '['ht.^  earth  4X>ntinue8  to  gain  for  7  days  more,  vlim 
the  moon  will  again  cross  the  track  or  the  earth  at  K,  340.000  milw 
buhiniL  the  earth ;  and  so  on  perpetually. 

The  motion  of  the  moon  is  never  retrograde;  that  i« 
sho  neror  r<_-turns  into  her  own  pitth  again  ;  for  the  rcation,  iIiaL  IIh 
eartli  muveK  much  faster  in  its  orbit  tbun  the  moon  in  her  orbit.  In 
fftctr  the/o?warrf  «io/j»»  of  the  moon  is  never  less  than  67,500  nrfka 
[H-r  hour,  for  the  reaaun  that  lior  hourly  motion  in  her  »wh  orbit  isonl; 
:j.^OU  miles  per  hour,  while  that  of  the  earth  is  68.000  miles  per  bonr. 

SfiO.  Figure  16.— The  moon's  orbit  always  ooncaTe  to- 
ward the  sun. —  I-a'I  tlic  I<ing  nrtnv/  rrpn-sent  tlic  arc  ol"  tin-  n\n\\'i 
orbit  equal  t-o  that  passed  through  by  the  earth  during  half  a  lunaiiou. 

Fm.  If). 


This  arc  and  the  cord,  TS,  being  known,  it  is  found  that  the  cord.  Tii 
must  p!i««  mure  than  240,000  miles  within  the  earth's  orbit ;  hpuoc.thc 
moon  call  ii>-\er  ri'iieli  die  cord,  as  at  K;  therefore  the  path  uf  die 
moon,  TNI*S,  umat  curve  toward  the  siui. 

861.  View  of  the  earth  from  the  moon.— The  appearanc* 
of  the  earth  to  the  iuliabitanui  of  the  moon  is  similar)/)  the  «pp»^ 
nnco  of  tho  moon  to  us-  The  earth,  however,  appears  tbirtern  liai** 
larger  than  the  moon.  Hence  it  might  be  inferri'd  that  ii  r  '  .'''■•• 
trip,  with  thoHu  inluibitanls  of  the  moon  whu  livf  on  the  - '  * 

turned /rw/j  thp'i'arlh,  would  \v  in  joiiniey  anound  when*  thev  i-oaH 
view  the  sublime  sjiwtaele  of  a  heavenly  bmly.  appart*ntly  tfff  funrt 
larger  tlmii  aii>  llit-y  htt*l  In-loie  »wiu 
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S6S.  Fignra  16.- -The  moon's  phases.— Tbe  paralM  lines 

on  Uio  riglii  n-pn-seiii  rsjs  uf  light  fVxtm  the  sim;  the  cireti- around 

orbit  of  the  moan ;  A,  II,  C.  T),  F.  G,  U,  t.hf  moon   in 

,     .  Luris  in  her  orhit.     In  ull   pt>3itimuf  (expept  when  ahe  U 

eclipwd)  the  oiooD  i«  iltuuiiiiatPil  by  thv  Htm.     At  A  it  18  »<w  moon  ; 
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vhirh  poaltion  she  Is  not  risibb  to  na,  oe  thv  uitilluminated  sidf  it 
turnoU  iuwuitl  Ihf  p«Hh.  At  U  ahc  api>e»rp  like  u  crrK^nt.  an  ehown 
At  1.  At  r.  mnrt*  oriuT  i-iiUglitvued  side  h  visible,  wh^n  »hv  ap|>eun* 
In  Q4  liko  »  halt'  moon  :  whinh  i»  thejirst  guarltrr.  Al  D.  still  more  »{ 
the  ninmiiiuirHl  liide  u  sm'u.  whcro  she  appount  a/,  repre^entt^d  at  2.  At 
E.  the  >-nhght«-ned  heiiiii4|ih«re  ih  wholly  in  view.  wh-'U  she  is  said  In 
lu^/iiil  moon,  itiid  in  opjHi^ition.  Fruni  E  urouiid  to  A  ogiiiu,  tfar  illu- 
minalt^  side  bMomcs  IrM  and  Iciw  vinblc.  At  F.  she  apiMrara  aa  srvn 
n,  w  sevn  at  1.     When  wvn  at  D  and  F,  tb«  mooa  is  said  to 


&aportanc«  of  the  phases  and  motions  of  the  moon.— 

Thf  pl).»-.-4  and  inotinn-i  ul'  th.-  modii  aQiu-d  a  gri'ut  variiMy  if  inu-i'i-jit- 
inff  ioTcatigution.  From  iht-ra  the  aslrononicr  aacertain^  the  form  of 
the  earth,  the  ririMiindw  of  tb*  tidvs.  thu  causes  of  the  fclipsfa.  tht- 
diftonce  of  the  mud.  and.  coosequcntlr,  the  magnitude  of  the  solar  AVit- 
Um,  etc,  The.*e  phenomena,  beiuj^  ]>L'rrectly  obviuiia  t*>  tht*  iinas^ietvil 
|r.  «erv4^  [ifla  ttandard  <if  menAuri-mcnt  (if  time  U*  nil  nation^  nnlil 
;  odranremoDt  of  scionoi'  Uili^'hl  them  the  advui>taf>i!8  of  solar  time. 
it  menti  an- uf  the  greatt^i  im|>*jnanL'ti  tt>  th?  narigntor. 

In^  ...u.  .Iimnjih  thi*  |>athli:ad  on'on. 
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863.  Why  the  dark  side  of  the  moon  is  visible  near 
conjunction. — WhiU'  near  the  position.  A,  the  entire  disk  of  the  moon 
is  fiiiiitly  seen  by  the  naked  eye.  This  is  because  the  dark  side  of  the 
mooit  id  so  much  illuminated  by  the  reflected  light  of  the  earth,  that 
the  moon  reflects  the  light  of  the  earth  bock  to  the  earth  again,  as  rep- 
resented by  the  ray  of  light  S,  which  first  is  reflected  from  the  earth 
to  the  moon,  and  flien  from  the  moon  back  to  the  earth. 

864-  Other  particulars  relating:  to  the  moon. — The  size 
of  the  moon  is  one  fort y-ni nth  the  size  of  the  earth. 

It  is  about  3|  times  the  weight  of  water. 

The  light  of  the  sun  is  300,000  times  greater  than  that  of  the  mooD. 

The  sun  is  70,000,000  times  larger  than  the  moon;  yet  the  moon  ap- 
pears as  large  as  the  sun,  because  it  is  400  times  nearer  to  ns  than  the 
sun. 

It  rises  about  50  minutes  later  every  day,  becaoee  it  revolres  aroDnd 
the  earth  from  west  to  east ;  though  the  full  moon,  in  Sept.  and  Oct, 
rises  but  a  few  minutes  later  for  several  Bucce^ve  evenings;  owing  to 
the  moon's  orbit  being  very  oblique  to  the  horizon.  At  thesetimeiitis 
called  harvest-moon. 

The  moon  bos  very  little,  if  any,  atmosphere.  It  appears  oorered 
with  dark  and  light  spots,  caused  by  mountains,  plains,  and  vaUeya  It 
eeems  to  have  no  large  bodies  of  water. 

On  the  moon  the  stars  would  appear  to  revolve  in  27(  daya;  and  tbe 
siHi  in  'i^\  days.  Though  the  moon  reflects  considerable  light  to  the 
earth,  ii  has  lieen  demonstrat<^^  that  she  reflects  no  heat  Theeooen- 
rriritv  of  Iht  orbit  '\^  13,333  miles. 
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animal,  is  given  to  this  belt  because  each  of  the  VZ  mgns  formerly  rep- 
resented some  animal. 

866.  The  Bigns  or  constellations  of  the  zodiac  (Fig.  1).— 
The  zodiac  is  divided  into  12  equal  parts,  called  si^ns  or  constellatioiu ; 
shown  by  the  division  lines  crossing  the  circles.  Each  of  these  signs 
or  divisions  contains,  of  course,  30  degrees,  each  degree  60  minutes,  ftiid 
each  minute  60  seconds. 

The  names,  order,  and  symbols  of  the  twelve  signs  of  the  zodiac,  are 
as  follows : 


Aries,  or  the  Ram V 

Taurus,  the  Bull « 

Gemini,  the  Twiua n 

Cancer,  the  Crab 25 

Leo,  the  Lion Ci 

Virgo,  the  Virgin WR. 


Libra,  the  Balance £: 

Scorpio,  the  Scorpion TT^ 

Sagittarius,  the  Archer t 

Capricornns,  the  Goat 1^ 

Aquarius,  the  Waterman . .  ;; 
Pisces,  the  Fishes X 


Philosophy  of  the  flaatom. 

S67.  Day  and  nigrht  (Fig.  l).— Day  and  night  are  due  to  the 
rotation  of  the  earth  on  its  axis.  The  sun  is  continually  rini^  to 
places  in  the  west,  and  continually  setting  to  places  in  the  east.  But 
days  and  nights  differ  in  length  in  different  places  at  the  same  time, 
uud  in  the  same  places  at  different  times.  The  causes  of  these  varia- 
tions will  be  explained  presently. 

86S.  Causes  of  the  seasons  (Fig.  1).— The  seasons,  and  unequal 
lengths  of  the  days  and  nights,  are  caused  by  the  earth's  revolution 
around  the  sun,  with  its  own  axis  inclined  to  the  plane  of  its  own  orbit. 

The  earth,  in  the  figure,  is  represented  in  its  several  positions,  as 
regards  the  zodiac  and  its  own  orbit,  in  which  it  will  be  found,  respec- 
tively, on  the  20th  of  each  month,  and  as  it  is  just  entering  each  sign 
of  the  zodiac :  as  shown  by  the  names  of  the  months  and  constella- 
tions. Its  north  pole  is  turned  toward  the  observer,  and  its  axis  in- 
clined 23°  28'  to  the  plane  of  its  orbit,  which  is  represented  by  the 
Biirface  of  the  pajwr  (or  chart).  The  direction  of  its  motions,  on  its 
itxis  and  around  the  sun,  is  indicated  by  the  arrows. 

The  centre  of  the  sun  is  to  the  left  of  the  vertical  dotted  line 
1,(118,000  miles,  which  is  the  eccentricity  of  the  earth's  orbit. 

86i).  The  earth  at  the  solstitial  points  (Fig.  1).— On  the 

extreme  right  the  t-arth  is  seen  in  tlie  position  of  its  north  pole,  N, 
iiK'lini'd  directly  toirard.  and  its  south  pole  directly  from,  the  sun.  In 
thi«  poiiition,  its  uorthem  hemisphere  is  more  directly  exposed  to  the 
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sun,  and,  consequently,  is  faTored  with  Bnmmer,  and  the  longest  days 
and  Bhortest  nights  of  the  year;  while  the  southern  hemisphere,  heing 
partially  turned  fh>m  the  sun,  is  subjected  to  winter,  and  the  longest 
nights  and  shortest  days.  Yet,  in  this  position,  the  earth  is  in  ite 
aphelion,  and,  consequently,  at  its  greatest  distance  from  the  sun,  being 
3,236,000  miles  (or  twice  its  eccentricity)  further  irora  the  sun  than 
when  it  is  at  its  perihelion.  The  earth  is  in  this  position  on  the  Slst 
of  June,  called  the  summer  solstice. 

In  the  progress  of  the  earth,  for  six  months,  from  this  point  around 
to  its  perihelion,  on  the  extreme  left,  the  days  of  the  northern  hemi- 
sphere  grow  shorter  and  the  nights  longer ;  while  in  the  southern  hem- 
isphere the  days  grow  longer  and  the  nights  shorter.  In  this  position, 
the  south  pole,  8,  being  inclined  directly  toward  and  the  north  pole 
directly /rwH  the  sun,  it  is  winter  in  the  northern  hemisphere,  and  the 
days  are  shortest  and  the  nights  longest  of  any  in  the  year;  while  in 
the  southern  hemisphere  it  is  summer,  and  the  days  are  longest  and 
the  nights  shortest  The  earth  is  in  this  position  on  the  22d  of  Decem- 
ber, called  the  tointer  solstice. 

As  the  earth  passes  on  in  its  orbit  At)m  the  winter  solstice  back  to 
the  snmmer  solstice  again,  the  same  changes  occnr,  but  in  the  reversed 
order. 

When  the  snn  reaches  its  greatest  northern  or  southern  declination, 
it  seems  to  stand  for  several  days  without  any  change  in  declination ; 
hence,  these  are  called  solstitial  points  of  the  ecliptic;  solstitial  signi- 
fying, the  sun  standing  still. 

870.  The  earth  at  the  equinoctial  points  (Fig.  l),— Dur- 
ing the  three  months,  from  June  21st  to  September  23d,  the  earth 
passes  from  the  summer  solstice  to  the  autumnal  equinox;  and  during 
the  three  months,  from  December  22d  to  March  21et,  the  earth  passes 
from  the  winter  solstice  to  the  vernal  equinox.  At  the  equinoctial 
points  the  sun  is  directly  over  the  equator,  and  consequently  the  days 
and  nights  are  of  equal  length,  in  both  the  northern  and  southern 
hemisphere ;  hence  the  term  equinox,  which  signifies  equal  days  and 
nights. 

871.  The  Btui*B  declination. — The  apparent  distance  of  the 
sun  north  or  south  of  the  equator,  is  called  its  declination.  When 
north  of  the  equator,  it  is  called  northern  declination  ;  when  south  of 
the  equator,  it  is  called  southern  declination.  The  amount  of  the  de- 
clination is  23(  degrees ;  that  is,  23^  degrees  north,  and  23^  degrees 
south.  This  subject  will  be  referred  to  when  describing  Fig.  22 
(981), 
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872.  Conatellatlons  of  the  zodiac  (Fig.  l).— A  sign  U  merel; 
the  twelt'tli  part  of  a  cirule.  Along  the  zodiac,  and  on  both  sides  of  it, 
are  seen  many  stars.  The  ancients  imagined  that  some  of  these  stan 
along  in  the  zodiac,  taken  together,  resembled  certain  objects,  anil, 
consequently,  gave  unch  clusters  or  groupings  of  them  correspondiiijt 
names,  as,  the  Goat,  the  Lion,  the  Ball,  etc.  Thus,  each  sign  of  the 
zodiac  came  to  be  designated  by  a  particular  constellation.  The  namei 
of  the  signs,  by  these  constellations,  have  already  been  given  (866). 

87S.  The  8un*s  apparent  motion  in  the  ecliptic  (Fig.  l}.— 
When  the  earth  is  in  the  sign  Libra,  the  sun  will  appear  t«  be  in  the 
sign  Aries ;  and  as  the  eartli  moves  on  to  Scorpio,  the  sun  will  appear 
to  move  to  Taurus;  and  so  on.  Hence,  as  the  earth  moves  arouml  io 
its  orbit  every  year,  from  west  to  east,  tlie  sun  will  appear  to  pass,  in 
the  same  direction  and  time,  through  all  the  signs  of  the  zodiac  Or, 
all  the  constellations  of  the  zodiac  seem  to  pass  by  the  sun  wetiward 
once  a  year. 

874'  X>ivision  of  the  signs.— The  signs  are  divided  into  fonr 
divisions,  corn.-s]>uHding  tu  the  seasons.  The  Spring  signs  are  ArJM. 
Taurus,  Gemini;  the  Summer  signs  are  Cancer,  Leo,  Virgo;  theji*- 
tvvnial  signs  are  Libra,  Scorpio,  Sagittarius;  the  Winier  signi  ire 
{.'upricoruns,  Aquarius,  Pisces.  While  the  snn  passes  throagh  tlwae 
signs,  of  course,  the  earth  pusses  through  the  corresponding  opposite 
signs. 

875.  The  recession  of  the  equinoxes  or  preoosslon  of 
the  constellations  (Fig.  1). — The  ]>laiie  of  the  equinoctial  pastM 
through  the  earth's  equator,  or,  rather,  the  equinoctial  is  the  equator 
of  the  earth.  jKissing  off  into  the  heavens  in  every  direction.  There- 
fore, the  e<iuinoxe8  are  tiie  two  opposite  points  in  the  earth's  orbit  where 
the  plane  of  the  ecliptic  intersects  the  plane  of  the  equinoctial.  Ku* 
this  intersection  of  these  two  planes  does  not  always  take  place  in  the 
same  point.  That  is,  the  plane  of  the  equinoctial  is  revolving  back- 
wani.  at  a  rate  that  would  complete  an  entire  rotation  in  fi-om  i5,0(K1 
to  26,000  years.  Consequently,  the  two  points  where  these  two  planes 
intersect  on  tlie  earth's  orbit  (which  are  the  points  of  the  two  equi- 
noxes, 877)  ai-e  moving  backward  at  the  same  rate.  Therefore,  the 
equinoxes,  each  year,  will  fall  a  little  behind.  This  annual  falling  back 
of  the  equinoctial  points  is  called  the  precession  of  the  equhwxes;  but 
it  would  be  better  to  say  recession  of  the  equinoxes  and  precession  of 
the  conMelhtionti.  The  equinoxes  thus  recede  to  the  west  upon  the 
ecliplic  at  the  nitr  nf  50J  seconds  of  a  degree  every  year. 
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Ufiioe.  !lu>  motitha  ami  nigm,  in  tliL-  »Ii«gr«in,do  not  agrvv,  tlit-  enrtli 
iu>i'iug  each  aign  about  the  21itt  »f  uu>h  tiioiith.  ThU  subject  will  l>e 
rrericd  to  again  when  dedcribiug  Fig.  iS  ((»39). 

8T6,  Iion^tude  in  the  heavens  (Pig.  1}  is  reekoued  ou  the 
■ecliptic  eiwtn'iii\l  iVom  Ihi;  vi-riiul  <H{iiiiiijx,  or  begiuning  with  the  first 
degree  of  tht-  sign  Aries.  When  the  smi  cntora  Arioii,  its  lungiliidc  iif 
iiotliing,  and  that  of  llie  I'jirih  itt  ISO" ;  or  when  the  earth  entera  Aries, 
its  luDgitude  u  nothing,  ami  that  of  the  ^iin  i»  180°.  When  thu  earth 
enters  Cancvr,  it6  longitude  ia  W'.und  thai  of  the  sun,  ^70*^.  and  so 
gn  ;  an  will  appear  by  obs«rvi()g  the  diagram. 

S77.  FigTiro  ^.—Intersection  of  the  ecliptic  and  equi-' 
noctial.— The  intersectiun  of  the  plane  of  thi-  t-cLiptie  witii  the  plaiiu 
of  the  equiitoctial  fonns  an  angle  of  23"  W,  culled  the  obliquit;  of  the 
Bliptic.    S  represents  the  oitrth  at  its  summer  »ol8tic« ;  N,  at  its  winter 
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solgticc:  E.  at  its  Tcmol  oqninox;  anil  F.  at  its  antnmnal  equinox. 
The  dotted  ellipse  lies  in  the  plane  of  the  equinoctial;  and  the  other 
ellipi^t*  in  thi-  plane  of  the  ecliptie.  The  equinoctial  points  are  where 
the»  two  planes  interaect  un  the  earth's  orbit. 

It  will  be  noticed,  that,  at  the  eununer  solstice,  S,  the  sun  shiiu't 
ipon  the  north  pole  of  the  earth ;  and  at  the  winter  solstice,  upon  the 
sooth  pole,  as  indicated  by  the  arrows.  It  will  be  observed,  aha.  tlnit 
the  central  arniw  iioinls  tn  the  earth  over  the  tropic  of  Cancer,  at  The 
sumnier  solstice,  and  over  the  tropic  of  Cai>ricorn  at  the  winter  koI- 
aticc,  both  of  which  are  23°  28'  fpom  the  equator  of  the  corth  ;  hence 
le  torrid  xone  of  the  earth  is  48°  56'  in  width. 

S7S.  Polar   inclination   and   seasons  of  the  different 

lanets.-- Knmi  what  tma  Ueu  wild  reapeciing  the  seiM»ni6i,  ir  will  be 

■i9 
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seen  that  any  planet  whose  axis  Js  not  perpendicnlar  to  the  plane  of  iti 
orbit,  is  subject  to  all  the  variations  of  seasons,  difference  in  length  of 
days  and  nights,  etc.,  same  as  the  earth.  The  extent  of  these TariatioDi, 
however,  depends  upon  the  amount  of  the  polar  inclination.  If  the 
axis  be  mucli  inclined,  as  in  the  case  of  Venas,  the  variations  will  be 
correspondingly  great ;  but  if  the  axis  is  only  slightly  inclined,  u  in 
the  case  of  Jupiter,  the  variations  will  be  correspondingly  limited;  and 
if  the  axis  were  perpendicular  to  the  plane  of  the  orbit,  the  length  of 
days  and  nights  would  be  equal  in  all  parts  of  the  planet,  and  tbf 
climate  at  any  given  latitude  would  always  be  the  same. 

The  following  table  exhibits  the  polar  inclination,  greatest  dtdina- 
Hon,  and  width  of  torrid  tone  of  different  planets : 


INC.    OK   AXIS. 

DBCLIHATION. 

TOBBID  UHE, 

75"  00' 

75"   00' 

150"   00' 

Earth 

23     38 

23    28 

46    06 

28    40 

28    40 

57    20 

3       5 

3      5 

6    10 

30    00 

30    00 

60    00 

The  Sun 

7    20 

it  will  be  observed  that  the  inclination  equals  the  declination,  and 
that  the  torrid  zone  is  double  the  declination. 

Philosophy  of  Tranaite. 

879.  TraaaitB. — Nodes  are  two  points  where  the  orbit  of  the 
moon  or  of  a  planet  intersects  the  plane  of  the  ecliptic 

The  passage  of  Mercury  or  Venus  directly  between  the  earth  and  the 
Bun,  and  apparently  over  the  disk  of  the  sun,  is  called  a  transit.  A 
transit,  therefore,  can  never  occur  except  when  the  interior  planet  is  in 
or  very  near  the  ecliptic  Tlie  earth  and  planet  must  be  on  the  same 
side  of  the  ecliptic  ;  the  planet  being  atone  of  its  nodes,  and  the  earth 
on  the  line  of  its  uodes.  Mercury  and  Venus,  being  the  only  interior 
planets,  are  the  only  ones  that  can  make  transits  visible  to  ns ;  but  the 
earth  may  make  transits  visible  from  Mars,  the  Aateroids,  Jupiter,  and 
so  on. 


880.  Figrure  3.— Transits  of  Mercury.— The  figure  repre- 
sents the  ecliptic  and  zodiac,  with  the  orbit  of  the  interior  planet, 
Mercury.  The  line  of  his  nodes,  ST,  as  shown,  is  in  the  16th  degree 
of  Taurus,  and  16th  degree  of  Scorpion.  Now,  if  the  earth  isinTanrns, 
on  the  line,  TS,  when  Mercury  is  at  his  ascending  node,  T,  he  will  seem 
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in  }mti>>  iipwani  over  the  min's  disk,  lik«  a  lUirk  fipot,  an  repivwiilcd  in 
till-  tigiin;  ill  tlic  line  of  the  arrtm  dr»wn  tliraii^li  the  san. 

If  Mcrxrurj-  in  at  hts  dexcemiiMy  tiOth.  S.  wlu-n  llie  t-arth  ie  in  the  Ifil.h 
legrve  ofScorpiuu,  Ik*  will  nevm  to  (mw«  ttowitvard  airroiM  the  ftuv  of 


Pia,  S. 


\    MAY 


1-. 


^HHf'Siiii.  Afi  hIiowii  ill  the  iliagmm.  thi*  uarth  pu^si'S  the  ascending 
^^Bode  of  Mercury  in  November,  aiul  the  degccudiog  node  in  Miiy.  The 
^^llist  trunsit  of  Mercury  look  pliux-  Nov.  4,  IKfiB.  Thert-  will  In-  four 
more  d'lririg  the  present  century;  two  in  May,  and  two  iu  November. 


881.  The  calculation  of  transite.— 'A  mtcttlaie  iramUs,  at 

Any  onu  node,  ii  its  only  necessiiiv  to  litid  whni  niiiulierof  revolutions 
itf  the  interior  planet  are  equul  !<>  v»ih-,  oi-  huv  iinnLbvr  of  n>vululluu8  of 
riie  earth  ;  ur  when  the  earth  uiid  the  plunet  will  agniii  niet^t  ^n  the 
line  of  the  planet's  nodes. 

In  the  cji8e  of  Mercury,  this  ratio  itf  as  87.969  is  to  i)6ri,25ti ;  ftum 
rhich  it  it)  fiiiitid  thut, 

7  rfvolutiona  of  tlit;  Eiirth  arc  e(|ual  to  'iM  of  Mercnry. 
13  "  «  "        54  " 

38         "  -  "      la? 

4fi  "  «*  **      101  " 

Hence,  tranaiut  of  Mer<-iirv,n/  the  same  nndt,  may  liup)H>n  at  intervals 
7,  13,  33.  40  year*,  and  »o  on. 

Upon  these  priticipl--^  ull  transit*  and  eclipses  are  calcuhitMl. 
The  foliowinx  is  a  liat  of  the  TrunHits  of  Mercnry  which  have  oc- 
irred  doring  the  present  century. 


Nov.  8.  isna. 
Nov.  II.  1815. 
Nov.    4,  18««. 


May  .I.  1S.'J.!. 
Nov.  7.1836. 
May    S.  18+&. 


Nov.  ».  1K4«. 
Nov.  II,  I8f;i. 
Nov.    4.  IHGtl, 
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S8J.  FigTure  4.— Mercury'a  oscillation.— I«t  tliv  Btnighi 
Hill*,  joininn  (Iif  eartfi  ami  thv  sun,  rcprest-nt  tln'  plane  of  (lit'  wliptic 
Kow,  yt\wn  nil   interior  planet  is  in  tliis  plane,  us  reprctientMl  at  N,  it 


Fiu.   I 


N-C :::::t:-----:-rf^. 


mity  upiM'^iir  tu  \m  mi  tin;  r^iin'tiUiKk.  oliovru  by  the  dark  spot  on  tlie  imu: 
hilt  if  it  is  tfither  above  or  below  the  ecliptic,  aa  ahown  at  R  und  S,  it 
will  apjwitr  to  piwa  either  above  or  below  the  son,  as  reprewntwl  st  A 
imd  U.  If  M.'Tcnn-  werp  at  R,  it  would  appmr  to  be  at  A,  and  in  W 
diiya  (that  in,  half  the  time  of  ita  periodic  revolution)  ii  would  be  u 
murh  Im'Iuw  ihe  i$un  as.  at  A.  it  ap)>etiri}  to  Iki  above  it;  and,  tlterefor?, 
it  would  iipfmir  to  hit  at  B ;  and  so  on.  This  apparent  motion  of  an 
interior  plunet,  trom  weKt  to  eat^l  and   [rom  east  to  west,  ia  calli^ 

'I'heae  o^ilUtiuiu  do  not  take  place  in  half  the  time  of  the  plan«l'i 

piriodic  revolntion,  because  the  earth,  in  the  meantime^   follow^  ttw 

.■fiui  ill  the  same  direction.     Hence,  instead  of  occnrring  (in  the  CMeoi 

5IiTciiry)  in  44  day^.  the  time  will  l>e  prolonged  to  between  55  andU 

days. 

Fie.  5. 


S8S.  FigTiro  6.  Inclination  of  the  moon's  orbit  to  the 
plane  of  the  ecliptic — Tlit>  plane  of  the  moon't)  orbit  is  vcrv  nivr 

that  of  the  ecliptic.     It  depiirte  from  (lie  latter  only  '>"  8'  48". 

I>et  the  dotted  Hue  rvpreannt  the  plane  of  the  earth's  orbit  (which, 
of  conrae.  coincidea  with  the  plane  of  the  ecliptic),  and  Ihv  line  Join- 
iuR  the  moon  lit  M  and  M  wimtd  ivpresf  nl  the  inclination  of  the  moon'f 
orbit  to  that  of  the  earth.  At  N  the  moon  wonld  he  within  the  earth's 
orbit,  and  at  M  exterior;  and  it  wuuld  be  fnU  moon  at  M*  and  wmv 
laiiua  at  K. 


AUTRONOMY. 


•153 


K 


I 


ParaU&x  of  th«  Heavenly  Bodies. 


88'5.  Fig:ure  6.— Annual  parallax, 

"or  parallax  of  tho  Btars.— Tho  tluuige 

in  l.lii-  iiiniui-fiil.  iN)8ilion  of  the  fixed  stars, 

cAuaed  by  tlie  change  of  the  earth's  place 

in  hiT  revolution  uround  the  suCj  is  calbd 

1      ^the  annual  pnrnUax. 

^H  Lft  L  rc^preiDeiil  the  place  of  the  earth 

^Hm  ihf'  1st  of  .Tantiury,  and   A,  »  star  ob- 

^pervi-d  at  that  time.     Its  apparent  place,  in 

^thf  more  dUtant  hi'avpns.  will  be  at  H.     In 

HX   months  the  piirt-h  will   liave  rovolvtd 

uround  to  the  iMit^iliuti  uf  N,  and  the  star. 

A.  will  appeur  to  be  at  F.    Tho  mijjjlo  LAN 

^jrill  constitute  thf  antjh  of  parallttx. 

^H  AlUiouKh  the  dii^tuiice  l>etweeu  L  and  N 

^a  190.<HHMHHl  miles,  vet  the  parallax  of  the 

iit;tr.  A,  is  less  thim  ,1^  of  one  depree,  and 

the  lines  LA  mid  XA,  therefore,  arc  almost 

fiarallel.     Hcuoe.  if  the  earth'e  orbit  werv 


H***F 


SS^.  View  of  the  moon  at  the  poles  and  at  the  equator 
of  the  earth.— Ac  the  full  movn  alwa\>  li:tpiK.ii(«  when  th*;  nKMii  is 
directly  Opix>8ite  to  the  8im,  all  tJie  full  moons  in  onr  winter  mast  hap- 
pen when  the  moon  is  on  the  north  side  of  the  Cfguinoctial ;  bf-cause 
f/ieii  the  sun  ia  on  the  wiuM  of  it  Con*oquently,  »t  the  north  jiolc  of 
the  earth,  there  will  be  alternately  u  rortnight't!  riicHtnli^ht  and  u  fort- 
night's  darkui'^,  for  a  fx-riod  of  six  motitlig;  mid  the  same  will 
be  tme  at  the  south  pole,  during  the  6i\  Pm    K. 

muntlitt  that  the  sun  ia  north  uf  the  eqtii- 
octiaL 
About  the  equator  of  the  e-artli,  the  moon 
risi'S  throughout  the  year  with  nearly  equal 
intervals  of  delay,  from  one  day  to  another, 
iif+KminuU-ftand  44  seconds.  But  in  places 
of  enneidenible  latitude  u  deviation  from 
this  rule  oiTurs.  especially  about  the  time 
uf  harvest  vlieii  (he  full  miton  risus,  for 
(teveral  nighU  together,  only  18  to  35  min- 
utes hUer  each  day,  wlien  it  is  culleil  /mr* 
ffst-tuofiH  ;  as  it  aflbrds  the  farmer  extra 
ttglit  for  gathering  crops. 


■'■^  1 
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Klleil  vtith  n  globe  of  Hre,  1{K>,000.000  mill's  in  diatnctcrt  and  riewMl  Tmni 
thftij(i-d  star,  A,  it  would  appcjir  liiit  a  |Miint  of  light  one  nuniitr(r)  m 
diameter.     Therefoif.  how  distant  and  immenw;  mnst  be  Uie  itan. 

AnotluT  evidence  of  the  immcnite  di»tan<.'«  and  nmgnitude  of  tbe  ctun 
14,  thttt  tbev  appear  no  nearer,  brighter,  or  lai^er.  when  viewed  froni 
the  earth  at  8,  than  when  rieved  from  the  earth  at  R:  although  nt  N  tbt 
obaerrer  ig  190.000,000  miles  nearer  a  given  dlar  than  when  he  is  at  K. 

8S6.  Figure  7.— Diurnal  parallax.— TIi  is  applies  to  the  pUm-t-. 
and  other  solar  hulieiL  It  is  the  ditTeivnce  between  the  attitude  of  a solur 
body  seen  from  tlii>  earth's  surrace  und  thealtitndeof  the  same  IwU  »-ii 
atthestune  tinif  fnpm  the  earth't^centn*.  Or  it  is  the  difference  belwctn 
the  true  and  apparent  place  of  a  solar  hody.  The  apparent  place  a 
Uiai  in  whirh  the  body  seems  to  Ije  when  riewud  from  the  soriWe'if 
tlie  earth,  the  Irufptace  being  that  in  which  it  would  appear  if  wkd 
Fki  7.  from  the  centre  of  the  earth. 

If  an  obserii-er  were  stationed  at  the 
centre  of  the  earth,  and  could  see  llie 
monn  at  X,  it  would  seem  lobe  situat- 
ed among  the  stars  at  F:  wherpsfcif 
it  were  seen  from  the  surface  of  ttn 
earth  lit  S.  it  would  appear  umorijj  Ibc 
stars  at  II.  Therefore,  F  iei  llw  /">' 
and  R  the  apparent  place  of  the  mooD; 
the  space  Ivetween  F  and  K  being  tin? 
arc  whi(;h  nieusures  the  moon's  panl* 
lax. 

Tiif  ijreater  the  distance  Ih*  Irti*  ffit  parallax.  If  the  ui'wiu.  N",  atre 
removed  to  T,  the  arc  wliich  would  then  measure  its  pai-allax  wouU 
1)6  included  iH'twcen  J  and  R. 

The  horizantnl  parallax  is  th*  grtfai9st.  That  is,  tbo  parallm  it 
gtvatest  when  the  body  is  on  the  sensible  hori^ion :  from  which  point 
it  diminishes,  until  it  retu-Ues  tlie  zenilh.  Z,  where  its  parallax  Lieastc 
or  hecuraea  nothing.  T\\\\*  it  will  be  seen  llniL  the  arc  NU  is  lens  tliMl 
that  of  PR ;  hence,  the  parallax  of  the  moon  is  lees  at  L  than  it  «•* 

BtN. 

Dium-Hl  iiarallan  applies  only  to  liodies  of  the  solar  system.  Th*-  slan 
an*  too  far  oft,  nf  course,  to  show  any  difference  in  position  when  viewrd 
frnm  jmint^  so  near  togclhiT  as  the  centre  and  surface  of  the  earth. 

SS7.  The  effect  of  parallax  on  botlieg  is  to  depress  rh»in 

lielow  their  trn<-  pliice.  On  tliis  jiicimfil.  tin*  parallax  of  the  sun  and 
moon  must  be  luldt-d  to  their  apparent  altitude,  in  order  to  ubtain 
th<*ir  fr»f  altitudr. 
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SSS.  The  prLnolplea  of  parallax  are  of  great  Impor- 
tance, ae  lij  tbem  thu  tUiitance  of  the  solar  bu(lie«  iVitm  tbc<  uarth.  tlio 
ml^:uitnd(>  of  the  planets,  and  the  dUneatiioiis  irf  their  orbitts  miiy  till 
be  di-lermined.  Huviug  thus  Found  the  distance  of  the  «urth  from  the 
eun.  that  of  all  the  planeta  miiy  l»e  knovn  aleo  ;  becntise,  according  to 
the  third  law  of  Kepler,  tlic  lu/tnirtjt  of  fhe  Hm^a  of  their  iiderMl 
periodic  reeoltitiaa»  are  proportional  to  the  cubeg  of  their  mean  dit' 
tnees. 


889.  FigTire  8— Convexity  of  the  earth's  surface.— Thie 

afauwii.  l)tt-  By  the  uiunu^r  in  wliich  »  ^hip  dieu[>]vari4  fntni  inight,  un 
te  flails  in  any  direction  fVom  tlii'  coiwt    Th<f  hull  or  body  of  the 
A  first  disappears,  thfji  the  rigjfiug.  and  lastly  the  tops  of  the  maate 
ih  fnim  night. 
Sd.  Navigators  lure  sailed  around  the  earth,  and  thiu  prored  its 
convexity. 

3d.  The  form  of  the  earLh'a  (tbadow.  as  seen  upon  the  moon  in  an 

I  eclipse,  proves  the  globular  ligurv  nf  the  earth,  and  so  the  convexity 
pf  its  surfactf. 
4th.  I/fitit.ude  found  by  the  north  »tar.  The  convexity  of  the  earth, 
bortb  and  south,  is  pro%-ed  by  the  variation  in  tlic  altiludt-  of  the  north 
'  star,  nhich  is  fnnnd  to  unifomily  incriiase  a»  wt-  approacli  it.  and  to 
dimintiih  ait  wi:  rcoedc*  (Vom  it. 

Suppose  an  observer  were  stand-  *™"  * 

ing  aiH>n  IIk-  varth  (Fig.  8),  and 
viewing  the  pole-star  from  the 
45th  degree  of  north  latitude;  it 
wonld,  of  oourst',  appear  elevated 
4fi''  above  bis  visible  horizon,  rep- 
res'^  ted  by  the  arrow  H.  Bat 
let  hiui  recede  southward,  over 
,  one  degree  of  latitude,  and  Uiv 
)ulp-8tar  will  KtHtle  one  degree  to- 
the  horizon ;  or,  rather,  bis 
lorthem  lioriKOn  wtnild  be  elevat- 
ed one  degree  lowdnl  the  star;  till 
at  length,  as  he  crojwod  the  efjna- 
tor.   his  boriiEon,   shown   by   the 

arrow,  8,  would  rise  almve  the  star,  when  it  would  become  wholly  in- 
visible. 

Hence  the  ifcneral  rule,  that  the  aUitrtde 


gent 


of  one  pole 


depren- 


ion  of  tke  other  at  any  place  on  the  earthen  avrface,  r>  equat  to  the 
titvde  »f  that  place. 
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890.  Figrure  9.— Conjunction  and  oppoBitton  of  ploneta. 

— CmijnncliouB  are  callud   itiffnnr  and  xupenor.     Wlieii  Mcrcttrror 

Venue  is  nearest  tn  the  cartli.  tint 
^'°'  ^-  is.  betwi^n  thevurth  and  snu,  u  at 

F).  it  is  in  inferior  conjunction; 
and  vfaen  rurtbeal  D?uDi  tbv  nrtli, 
oi  at  N,  it  is  in  »Hp^ior  conjanc- 
lion,  in  which  cma  the  sun  ii  bt^ 
tween  the  earth  iind  tlie  plaiifL 

The  pxterior  planets,  nuuctj, 
thitflo  whoBe  orhitB  are  exterior  to 
that  of  the  earth,  have  altvrnatelr 
a  nujitrior  conjunction  and  an  op- 
position. An  exterior  planet  \t  in 
superior  conjunction  when  the  sun 
is  between  the  planet  and  the 
earth  :  and  it  i^;  said  t«  be  in  ttftpt- 

niiion  when  the  earth  is  between  the  sun  and  the  planet. 

(lonctN  when  a  planet  is  in  ooujuncUun.  it  risee  and  sets  nearly  with 

the  sun ;  but  in  opposition,  it  rises  nearlj  when  the  suu  wt*.  and  teti 

when  the  gun  ridvs. 

When  at  her  snperior  conjnnction,  Venue  is  164,000,000  milca  trm 
the  .^artli.  but  when  at  her  inferior  conjunction  she  la  only  :i6,000,OOC 
niileti  distant.    The  rvaaon  of  this  is  apparent. 

Venaa  presents  all  the  phoaes  of  the  moon  in  passing  aronnd  the  wn. 

SOI.  Direct,  stationary,  and  retrograde  motion  of  the 
planets  (Fig.  '.»). — Th.-  plaiwts,  if  8«.-en  from  the  miu,  would  a|i|wu  Ui 
t<.ts>  rnini  star  to  star,  through  thc^  eonEtellationii,  in  a  uniform  and 
ivgnliir  manner.  But  as  seen  from  the  earth,  they  apparnitl^  moTr 
irrt'lfularly.  Sometimes  they  appear  tu  p>  forward ;  at  other  tinUAto 
rt-inaiu  stationary,  and  then  to  recede. 

When  Venuji,  for  example  (Fig.  9),  is  at  T,  her  motion  ifi  said  to  ^ 
dirrri.  passing  from  west  to  eaat  toward  L.  When  at  F,  she  woaW  b« 
coming  directly  toward  the  earth  at  E;  therefore,  while  moving  ftw" 
F  io  II,  ethe  would  seem  to  )>e  ataiiotMry.  Tn  passing  from  H  to  B 
(imvelling  faster  tlian  the  earth)  she  will  pass  the  e«Tth*and«oa(*"i 
III  move  ttom  east  to  west,  or  to  rttroffrade.  From  R  io  S  she  woiU 
i»;  moving  directly  away  trota  the  earth,  when  she  wonid  again  »m 
111  Ik)  n/ntiunary. 

Of  course,  the  earth  has  be«n  moving  along  in  h*r  orbit,  whidi  it 
not  r«<prpsenu>d  in  the  diagram,  but  ibe  principle  aonght  to  be  illu- 
in4rttl  will  U'  undi'rkUMjd. 
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WJ.  The  transit  of  Venus  an  Important  event.— If  ihc 
)it  uf  Venus  lay  i-xuctty  in  tliu  plane  or  tliu  eurt.ir8  orbit,  she  would 
'Hen  tbe  suu'e  A\ak,  like  a  Havk  spot,  n(  ever)'  iafertor  conjn notion. 
But  her  nrbit  cuttiug  thu  eulijitic  itt  uii  angle  uf  -i^",  she  will  pass  tbc 
nuii  a  little  abore  or  below  it,  except  when  her  inferior  conjunction 
hu|ipoua  in  or  near  one  of  her  nodes ;  in  which  ctiae  she  will  make  a 
trunHit,  which  utin  happen  only  twice  in  u  century. 

Progress  in  setronoinical  science  since  Venus*  last  transit,  {in  1832) 
will  reader  her  next  transit,  in  187-1.  the  meant^  of  demonstrating  many 
trulhs,  Bud,  therefore,  oim  of  the  most  iinin>rtmit  wunLa  of  the  age. 

The  following  is  a  list  of  all  the  trunslts  of  Venus,  since  the  time  the 
first  was  obsorred,  ut  the  year  201*2 : 


December  6th,  IBn. 
December  8th,  1874. 
December  5th,  188a. 


June 
Jiuie 


7th.  20O4> 


December  4th,  1039. 
June  5th,  17')1. 

rSd,  1769. 
The  Periodic  Bevolution  of  Ui«  Stin, 

I 

,S!)o.  Figure  10.— The  orbit  of  the  sun.— The  «nn  has  three 
mutioi)i<i.  Ist.  Tt  rcvolvoa  aronnd  its  own  axis  nnce  in  35  days  9  hours 
36  minutes  (814).    4d.  It  revolves  aroand  the  centre  of  gravity  of  the 

Fifl.  10. 


^ar  system  (845).     Hd.  It  has  a  ]»eriodic  revnliition.  from  west  to  east, 
in  a  vast  orbit  around  some  distant  luid  ntkknown  uenlre. 

A  portion  of  the  sun's  orbit  in  repn.-»ented  by  the  line.  Til.     The 
jwint  of  rendeney  is  I'lwanl  the  eonsU-lIiition  llercniea.     The  plane  of 
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this  Tast  orbit  is  supposed  to  have  an  inclination  of  about  $4"  to  the 
ecliptic.  The  sun  is  represented  as  surrounded  bj  bis  ofi^ring,  the 
planets,  and  their  offspring,  the  satellites,  and  those  wandering  mem- 
bers of  the  solar  family,  the  comets. 

The  snn,  therefore,  is  not  stationary,  but,  taking  with  him  his  re- 
tinne  of  worlds,  he  is  making  a  grand  tour  through  the  boundlesa 
Universe  of  Qod,  at  the  rate  of  30,000  miles  per  hour,  imd  will  retnn 
to  the  same  point  of  his  orbit  only  onoe  in  every  eighteen  tnxUioneof 
years. 

Reader,  think,  for  a  moment,  of  the  journey  you  are  taking  throngb 
space.  We  are  whirling  at  the  rat«  of  over  a  thousand  miles  per  hwr 
around  the  earth's  axis ;  and  sixty-eight  thousand  miles  per  hour  aronnd 
the  sun;  and  twenty  thousand  miles  per  hour  around  the  sun's  central 
orb;  and  at  what  rate  we  may  be  journeying  around  some  other  grand 
centre  ia  only  known  by  the  Divine  Mind. 


CHAPTER    XIX. 

FHIL080PHV    OP    BCLIPSBS. 

S94-  ShadowB  of  solar  bodies.— The  snn  being  la^r  than 
the  phmets  and  satellites,  the  principal  shadow  of  all  solar  bodie*  is 
shaped  like  a  cone.  The  length  of  the  shadow  of  a  planet  or  satellite 
will  depend  upon  the  size  of  the  body  and  its  distance  finm  tiie  ran. 
In  Fig.  12  (901),  for  instance,  it  will  be  seen  that  ttte  earth  on  tlielell 
casts  a  longer  shadow  than  the  moon,  while  both  the  earth  and  moon 
on  the  right,  being  at  a  greater  distance  from  the  snn,  throw  longer 
shadows  than  the  same  bodies  do  on  the  left. 

Respecting  the  nmbra,  penumbra,  and  shadows  generally,  see  523 
and  523. 

All  the  planets,  both  primaries  and  secondaries,  cast  shadows  ia  the 
direction  opposite  to  the  sun  (see  page  412). 

895.  Interest  felt  in  eclipses.— No  phenomena  of  the  heavens 
have  engaged  the  attention  of  mankind  more  than  eclipses  of  the  sun 
and  moon.  In  the  early  ages  they  were  regarded  as  alarming  devia- 
tions from  the  laws  of  nature,  presaging  public  calamities  and  indicat- 
ing divine  displeasure.  Even  at  the  present  day,  to  those  who  are  un- 
acquainted with  astronomy,  nothing  appears  more  wonderfni  than  the 
accunicv  witli  which  they  can  he  predicted.  They  can  be  calcalated 
with  great  precision  for  ago8,  either  past  or  to  come. 
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son,  FoBition  of  the  sun,  earth,  and  moon,  when  eclipses 

OO0ur.->-Kc)ip8ea  r>r  llio  »ftn  can  hnpiien  only  st  nev  moon,  mid  thuM 
of  thv  iH'MtH  un\y  al/ull  tMtion  ;  tarthv-moitn  mii  nfvcr  Im*  Ix-rwcpn  us 
and  ih'-  dim.  lu  tt'lipsi'  iiiiu^  escppt  ut  the  time  uf  Iht  cliuuge  or  new 
m(M»n;  nnd  Hhi*  can  nrviT  fiasd  into  llie  farlh'H  sliadow,  to  be  eclipHed 
h^self,  exofpt  wUun  shv  a  in  opptMiiion  to  tliL>  aun,  and  h  ie  fnll 
nooa. 

.-In  tciipM  of  Ikf  sttn,  or  mlar  ecUjwi.-,  U  lilummI  b}*  tlie  muvn  puaaiug 
■twc^u  tti«  earth  and  thti  sun,  ADd  oMtiiig  her  iiliadow  U|M)n  t))K  «tar/A. 

vl«  eclipse  of  the  vioon,  or  lunar  eclipse,  U  caused  hr  hLM'  foltiug  into 
lie  earth's  shadow. 


897.  Eclipses  are  either  total,  partial,  or  annular.— Wheu 

ic  di«k  tif  till-  out!  or  moon  is  wholly  ulwcuri.'d,  thr  rdipsc  is  total; 
rhen  unlv  |Mirtlj  obgcurcd,  the  ecliiwe  \&  partial ;  when  ihe  central 
part  of  the  sun's  disk  U  obsourul.  k-aving  a  hrighi  ring  around  tht* 
■lifldow,  the  ecliiwo  ia  anitutar  (ring-liki!). 

The  apparent  diutiietvr  of  tht*  suu  or  moon's  disk  i«  dirided  iuU> 
hreUe  e()ual  (Kirta,  called  liigiig. 

Pin.  n. 


S9S.  Figure  11.— The  direction  in  which  eclipses  come 

on. — Tlic  dolhil  iirn»w  n-pre-sent-s  the  orbit  of  tin.-  eurlli ;  the  oIIht  ur- 
rowfl,  the  rotation  of  the  earth  on  its  axis,  and  the  revolution  of  Ihe 
moon  in  it*  ortiit.  The  sun  is  seen  on  the  left.  U  reprewnts  the 
earth's  nrabra.  and  PP.  its  penumbra.  The  moon's  nmhm  and  penum- 
bra are  seen  on  the  left  of  the  earth.  The  upper  side  of  the  lipirp 
Ii  the  east  nidc,  and  the  lower  ind(^  the  west  ^ide. 

Kclipapfl  of  Ihe  sun  always  come  on  from  tho  went,  and  pam  over 
eastwurd.  On  the  left  of  the  earth  Uie  moon  Ja  seen  revolving  rtiM- 
ward,  throwing  her  shadow  upon  the  earth,  and  hiding  tlie  wr«icm 
limb  of  the  sun.  Hence,  the  shadow  of  the  moon  pasi»efl  over  Ihe  gur- 
fiioe  of  the  eiartb  froiti  wei^t  to  east. 

S9ff.  Total  eclipse  of  the  moon,  and  partial  eclipse  of 
the  sun  (Fig.  11).— Th<^  iiukmi,  in  [xMstng  through  the  iiml<ru,  Li.  of 
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the  earth,  is  totally  ecllpBed.  The  aun  ie  totally  eclipsed  to  places  with- 
in the  umbra  of  the  moon  (except  in  cases  of  an  annular  eclipse),  and 
jmrtially  eclipsed  to  places  outside  of  the  umbra. 

Before  the  moon  enters  the  earth's  umbra,  U,  the  earth's  penumbiii 
PP,  begins  to  intercept  the  light  of  the  sun,  or  to  cast  a  fiuut  Bhadow 
upon  her.  This  shadow  grows  darker  and  darker,  till  the  moon  enten 
the  umbra,  or  perfect  shadow  of  the  earth. 

If  the  moon  passes  through  the  side  of  the  shadow,  insteid  vi  iti 
centre,  the  eclipse  will  be  partial  instead  of  total 

900.  Dimensions  of  the  earth  and   moon's  shadom.— 

As  before  stated,  the  length  of  the  shadow  of  a  solar  body  dependi  on 
the  distance  of  the  body  from  the  sun.  The  diameter  of  a  givaii  ibadot 
falling  upon  a  body,  will  depend  apon  the  distance  between  the  bodj 
casting  and  the  body  receiving  the  shadow. 

The  average  length  of  the  earth's  umbra  is  abont  860,000  miles ;  and 
its  breadth,  at  the  distance  of  the  moon,  is  about  6,500  miles,  or  three 
times  the  moon's  diameter.  Tlie  earth  and  moon  revolviag  in  ellip- 
tical orbits,  will,  of  course,  cause  the  above  estimates  to  vary.  The 
earth's  umbra  varies  in  length  from  842,21?  to  871,362  miles,  and  it« 
diameter,  where  the  moon  passes  it,  varies  from  6,235  to  6,365  miles. 

The  average  length  of  the  moon's  umbra  is  336,000  miles.  It  varies 
from  231,148  to  252,638  miles,  according  to  its  distance  from  the  sun. 
Its  greatest  diameter,  at  the  distance  of  the  earth,  is  175  miles ;  but  the 
penumbra  may  cover  a  space  on  the  earth  of  nearly  5,000  miles  in 
diameter. 

When  the  sun  is  at  his  greatest  and  the  moon  at  her  least  dietanctr 
from  the  eartli,  as  at  A  (Fig.  12),  her  shadow  will  extend  19,000  miles 
beyond  the  surface  of  the  earth.  But  when  the  sun  is  at  his  least  and 
tlie  moon  at  her  greatest  distance  from  the  earth,  as  at  P  (Fig.  13),  her 
sliadow  will  not  reach  the  earth  by  20,000  miles. 

It  is  owing  to  these  variations  that  some  central  eclipses  of  the  sun 
an-  total,  while  others  are  partial  and  annular. 

901.  Figrure  12.— Total  and  annular  eclipses  of  the  sun. 

— At  A,  the  earth  is  at  her  aphelion,  or  mod  distant  point  from  the 
sun,  consequently  the  shadows  of  the  earth  and  moon  will  be  of  the 
greatest  possible  length.  At  the  same  time  the  moon,  on  the  left  of  A, 
is  in  perigee,  or  its  point  nearest  possible  to  the  earth.  If,  therefore, 
under  these  conditions,  the  moon  passes  centrally  over  the  sun's  disk, 
the  eclipse  will  be  total.  In  order  to  bring  the  shadow  of  the  moon  to 
a  point  at  the  surface  of  the  earth,  the  sun  would  require  to  fill  the 
apace  between  the  points  of  the  two  long  dotted  arrows. 
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Ai  P  thp  oiindieions  lire  revcrat-d.    Tbi-  curth  is  iit  her  pBriketitm,  or 
TiirfKl  iMMJiiuii  t-it  t.li«-  Hiin,  cuiiHei|iH^iilly  the  hIhuIoitb  of  the  earth  and 
"lU'ion  will  W  lif  the  ehorU-st  possible  length.     A(    llie  saiiU"  time,  thy 
moon,  on  the  right  of  I*,  will  hv  in  apoyee.  or  it»  poinl  /arfhenf  \Hia- 
sible  from  ihe  earth.     IC  aud«>r   these  uoudiliuim.  the  moon  ptWM-s 
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oentnilly  orer  the  disk  of  the  sun.  her  shadow  will  not  he  siiflBoipiitly 

>njr,  by  aO.OftO  milerf.  to  reiicli  the  earth,  ami  so  cover  hie  whok-  ili?k 

fuve.  bnl  will  leave  ii  ring.  u|)|)tiiviitly  iiround  hersvlf.  unob»curetl.iiR 

lOWQ  by  the  appearance  of  the  Run  iu  the  tigure. 

The  eccentricity  of  the  earth's  orbit^  in   the  diagram,  is  very  much 

tuggerated.  the  better  to  illnstnit^  the  prineiple-S  explained. 

90^.  The  duration  of  eclipses.  - 1.  The  greatest  posaible  dura- 
tion of  the  annular  !i))p<'iirancf  of  a  Holar  eclipse  is  12  minutes  and 
^^S4  Mconds. 

^B    'i.  The  greatefit  possible  time  during  whtuh  (he  oiiii  can  be  tutally 
^B&Iipeed  to  any  part  of  the  earth  ie  7  minutes  and  58  Be<'oncl8. 
^B  3.  The  moon  may  continue  totally  eclipsed  for  1  hour  and  45  niiniit^fi. 

^^   90.3.  The  g>eiieral  effects  of  a  total  eclipse  of  the  stin,  i« 

darken  tin-  ht.-avens  at  an  unuKUul  liour.  and,  iherefore.  to  imprfaa 
e  mind  with  a  peirnliar  gloom.     The  animal  tribes  also  mivvn  to  be 
agitated  by  tli>'  uniinii^ly  darkness.     The  temperature  declines,  and  tbe 
iCts  and  stiirs  become  visible. 


,^.  The  number  of  eclipses  in  any  one  year  irannot  Iw 

less  thua  hro,  ii<it-  inoix-  thun  .'cr*:.  In  the  Ibrmer  case,  they  will  be 
both  of  Ihe  Bun  :  and  in  the  latter,  there  will  be  five  of  the  sun,  and 
TO  of  111*-  moon. 

Eelipsra.  Imth  of  tht:  sun  and  moon,  recur  in  nearly  the  Mime  order, 
snd  at  the  same  intervuls.  at  the  expiration  of  a  cyele  of  223  lunations, 
18  ynirauf  Hiiri  days  and  15  liount.    At  the  expiration  of  iIuh  timr. 


wi 
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the  sun  and  moon's  noAne  will  etititaiu  the  sBmi;  ruUtion  to  esrb  oUwr 
OA  at  thf  In-ginning,  and  a  new  cycle  ul'  eolipaea  b^iw-  Thia  cjrolo  it 
ravlled  the  period  of  the  tcUpte*. 

90S.  Figure  13.— Why  ecUpees  are  not  more  frequent 

— ^If  the  nuiDii'a  orbit  lay  lu  the  plimeof  tliv  ccliptif,  iuet<.iul  of  f'*rtiiiog 
an  luigle  of  j"  \i'  with  it,  as  n;j>[x-si.-i»t«d  by  Kig.  5  (Sya),  tht-rt  would  bf 
two  central  eclipses  every  month ;  namely,  one  of  the  aun  and  one  of 
the  moon.     But,  owing  to  this  inclination  of  the  moonV  orbit  to  the 

Fi«.  18. 


plane  of  Uiu  t%liptit!.  it  i&  (evident  that  Mhe  nuiy  he  either  a&oiv  or  b«iaw 
the  ecliptic  at  the  time  of  her  rmtjuneiion  with  tht>  sun.  an  shown  al 
K  iiud  II.  in  the  figure,  s«  she  will  Bt-em  to  paxn  either  aboit  or  beh» 
liiin,  jiiid  will  not  cau^c  a  solar  echpse.  Kor  the  same  reavon.  the  inoQB 
may  pass  either  above  or  below  the  earth's  shadow,  ae  at  N  and  P,  sfc 
thf  time  of  her  opponiiioH,  and  no  lonar  (wHpae  ocftur. 

It  Ik.  therefore,  only  whoti  the  moon  is  at  or  near  one  of  hor  node» 
that  either  a  Bolnr  or  hinar  eclipse  can  occur.  Et«tg[H«ting  nudes,  aaa 
Fig.  3  (879  and  880). 

006.  Betrogra^e    motion  of  the    moon's   nodes. —The 

moon's  nodofi  do  not  reni:i,ii)  in  the  f*amc  (Kti^ilioii,  with  resjtect  to  the 
earth  and  sun.,  but  have  a  retrograde  motion  of  about  19"  in  a  year;  M 
that  «ht!  comes  around  to  the  ssime  nwle  in  19  days  le»s  than  a  year, 
in  346  days,  causing  the  eclipse  to  occur  sooner  every  year  by  abont 
19  days. 

In  jnst  half  of  34U  days,  viz.,  173  days*  the  moon  possee  her  oilier 
node,  on  tliL-  opposite  side  of  the  ecliptic.  It  follows,  therefore,  that  at. 
whatever  time  an  eclipse  occurs  at  either  node,  there  will  occur  another 
«t  the  opposite  node  in  1 73  days  thereafter. 

907.  Figure  14.— The  solar  and  lunar  ecliptic  ItmitA.— 

It  is  not  ni'ces^ary  thiit  the  earth  ami  moon  tjhould  \w  txacti^  on  th 
line  of  the  moon'tt  nodes,  tn  order  to  prnduoe  an  eclipse.     If  she  i 
witliin  17°  of  her  node,  at  the  time  of  her  change  or  conjunction,  abi 
will  eclipse  the  sun  ;  and  if  within  12**  of  her  notle  at  her  full,  she  wi 
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like  into  tlie  earth's  shadow,  and  be  more  or  lew  eclipsed.     These 

iiue*  wrv  ualM,  re»tpe'ctively,  the  Miar  and  lunar  ediptir  limiU 
Let  Lhe  light  glolM'd  represent  the  suu  ut  diSerent  po^itiunson  the 
ecliptic^  »iid  thtt  dark  sphered,  the  Dioon ;  uad  the  line  running  through 
them,  the  plane  of  her  orbit     l<et  the  jwint,  <i,  represent  the  node  of 
moon 'a  orbit.     Noir  iT  tho  ebange  occur  when  the  moon  in  at  A. 

Pio.  14. 


tie  will  pa$s  Mom  the  enn ;  if  when  ikt  II.  ahv  will  juiit  touch  hla  lower 
mb.     At    B,  then,  iihe  will  ecljpae  him  a  little;  and  so  i>n,  to  G.  at 
which  |)olnt  the  eclipse  would  be  central,  and  either  liitjil  or  unnulai'. 

If  the  mtmn  in  at  11,  I,  .1,  K,  or  L,  wlu'ti  the  change  oconrs,  she  will 
eclipsi-  the  up]>er  or  northcru  limb  of  the  sun ;  but  if  she  ia  at  M,  she 
will  |>iiu>ii  alMTe  the  limb,  aud  not  eclipse  him  at  all  The  poiols  B  and 
L  repreaeiit  fhf  Molur  erh'ptir  limits. 

The  mc'nii  ecliptic  limit  for  tht-  unn  is  16|°  un  cadi  aide  of  the  node. 
The  mean  ecliptic  limit  for  the  moon  is  loj"  on  each  side  of  the  node. 

908.  Why  there  are  more  solar  than  lunar  eclipsea.— 

iRt  exjilaiiH-d,  then;  are  ."i;!"  abuut  each  iioilo  of  tlie  m*wn,  making 
66"  out  of  aecf,  in  which  ecltpaes  of  the  sun  may  ocrur;  and  21 
about  each  nude,  making  in  all  4'^"  out  of  3A0%  in  which  eclipses  of  the 
vtmn  may  hap|K-n.  The  ]>rojiortion,  tht-n-fore.  of  the  eohir  to  the  lunar 
colipfles  is  as  61)  to  4;^,  or  ii«  11  to  7.  Yet,  in  a  gireu  time,  there  are 
mure  vitibU  lunar  tlian  Bolur  eclipiseci,  which  ia  owiug  to  the  fact  that 
lunar  eclip«ea  are  visible  to  a  whole  hemiephere,  while  a  whir  cclipw  ia 
visible  to  only  a  small  ixiHiun  of  it. 

909.  Eclipses  or  occultatlon  of  the  stars.— The  occultatioo 
a  star  is  caused  by  the  moon  coming  between  \\s  aud  the  star,  and 

'so  concealing  it  from  our  view.  This  is  a  fivtiuent  phenomenon,  and 
one  interesting  to  observe;  e«(K'cially  at  neio  moon.  The  star  occulted 
vf  bo  trooi'd  to  the  very  border  of  the  moon'e  eastern  Hmb,  when, 
iddenly,  it  goes  out.    Tn  a  short  time  it  reappears. 

970.  Bclipses  of  Jupiter*8  moons.-  •hipiter's  satellites,  as  a 
(jenerat  ruh-.  aiv  t.juil]_v  txriipsed  at  every  revolution.  The  average 
number  of  eclipse*  of  his  moons,  altogether,  amount  to  ahont  forty 
per  month. 
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!JII.  Eclipses  of  Saturn's  mooxis.— The  satellites  of  Solum 
are  seldom  ecli[mnl.    Ou  accuuut  of  ihc  gn-at  invliuation  or  tbinrorlHU 

U)  tliL-  (H'liptie,  thfv  are  not  eclipsed  but  twioe  in  thirty  year*,  whi-ii  tlic 
riitgH  of  ilic  planet  are  edgcwiiM-  toward  the  iun.    ikv  ¥igi.  1  aotl  U 
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91S.  Motion  of  the  water  of  the  earth.  —  Owing  to  tlir 

perfect  mt>bilil_v«l'  wal^rr,  il  is  iiiHiKMiCt-vl  by  luL-iivt-nly  bijdiM,  and  by 
the  motions  of  the  earth  ititelf,  in  a  manner  different  f^m  that  in  which 
the  earth  is  influenced  oa  a  whole. 

Tim  water  of  tht;  earth,  i^tvering  mure  than  two-ihirda  of  ita  Burfacv. 
is  ill  regular  and  ceaseless  motion :  alternately  rising  and  lalltiig  ul 
regular  interval)*  in  all  parts  of  the  globe. 

The  rising  of  the  wat^'r.  in  sc>me  {Ktrlions  of  the  earth,  and  its  falling, 
at  the  same  titne,  in  other  portions,  are  ralle^l  tidefi. 

The  rising  of  the  waters  iA  eallcil  Jloud  lide ;  and  their  falling,  (U 
Hdc  There  are  two  flood  and  two  ebb  tides  every  35  hours.  The 
htglu'st  and  lowest  points  l^>  which  they  reach  are  called,  resi«ctively, 
high  and  htr  tides. 

9  IS.  The  tides  are  not  uniform  nt  any  given  place,  either  u 
to  time  or  unumiil.  Tlu^y  <htiii'  almmr  it\)  minntt-ji  later  uvery  diiy.  uiid 
tnmetimi'D  rise  mnch  higher  and  sink  much  lower  than  the  nven^. 
The  extnuirilinury  high  and   low  tided  are  called,  reajicctivtfly,  Aprinf 

and  neii/}  tidi^H  {'.f^H). 


914.  The  principal 
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cause  of  the  tides  is  the  attraction  ot 
the  nun  and  maun  upon  the  water  of  the 
ocean. 

The  height  of  the  water  in  all  the  fig 
ures  representing  the  tides,  is  deaignedly 
exaggerated,  to  better  illustrate  the  prin- 
ciples to  tie  explained. 

91/}.  Pigrure  16. —  Influence  of 
the  earth  upon  its  waters.  — If  thf 

water  wa.-i  mil  iiifluent;ed  by  the  nttrnctiitii 
of  the  snii  and  moon,  il  wmild.  under  ttw 
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iudut-iai'  of  the  ffurth's  own  attraolinn  and  ornthftifntl  Torce.  come-  to  n 
pro^T  IfVfl,  Hnd,  excfpt  Tor  the  disturbing  influt'iice  of  the  wind,  re- 
main rrom  age  to  Afte  in  a  state  of  eqnilibrfnm,  aa  repreeented  hy  the 
diagram. 

91(i.  Figure  16.— A  siugrle  tide-wave.— [t  would  seem,  nt 
tirst  thought,  that  the  nuiiivul  dft^-ct  of  tUv  tnovu't  iiltruction  would  be 
lo  prodnw  a  ainglo  tidc-wav«\ori  the  side  of  thu  earth  toward  the  moon, 
^w  rcpresenttMl  in  the  ligure:  in  which  the  moon  is  seen  in  its  orhitou 
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the  rij^ht.  Tlie  three  arrowii  represent  theattruetionof  the  moon  upon 
the  watL-r  of  tht-  earth.  If  the  water  were  th«8  drawn  to  only  one  aide 
of  thr  Mirth,  thiere  could  he  but  o»fi  flood  and  nne  ehh  tide  in  ^4  hours: 
whereas  there  are  fwo  of  cuch. 

9JT.  FlgTire  17.— The  two  tide-waves.  —  Instead  of  onlj- 
one  tide-wave,  a«  illustrated  in  thu  hist  Ugure,  there  an*  two.  Hilimt4*d 
I  directly  0|ipot)it(*  to  each  other,  as  liliown  in  this  figure.    The  caaaes  of 
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he  oftpMite  tide-wave  will  be  explained  hcreaft«r.     Rnlf-way  Wtwmn 
tbcM  two  hiffi  tides  there  tire  two  fnw  HAml 

.1» 
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The«i>  rour  ivies,  viz.,  two  high  Hnd  two  low,  traverse  the  oomii  from 
uant  to  west  <!v<^ry  day,  which  uocuunta  for  a  flood  and  ebb  tide  emjr 
twelve  hours. 

Oa  ihi.-  right  is  represented  the  moon  in  her  orbi^  the  three  onowf 
represeutiug  her  ttttmction. 

91S.  Tigure  l9.~'La.ggijxg  of  the  tide-waTe  behind  Che 
moon.— As  ihu  moon,  which  is  the  priiicipiU  catisu  of  thv  tides,  ui^ 
viilving  L-astward,  and  comca  to  the  mctridiAn  later  and  later  each  dji|, 
therefon>  the  tides  are  about  50  mioutea  later  each  day.  This  mikm 
tlie  inUirval  between  tlie  sucocBoive  high  tides  13  hoars  attd  25  roinuttt 
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Beaidea  Ibis  daily  delay  with  the  moon,  the  highest  point  of  thetid^ 
wav»*  lags  Whind.  or  caM  oC  tho  moon,  about  46"^.  so  that  the  high  tiijii 
does  not  occur  till  about  three  hourg  after  the  monn  has  rmseed  the 
meridian.  This  is  beciatitk-  the  waters  do  not  at  once  yield  to  tlie  im* 
pulae  of  the  moon's  attraction,  but  continue  to  riw  after  she  has  jam^ 
over. 

In  the  flgui-u,  the  moon  is  seen  in  her  orbit  The  arrow,  ptnntiog  U> 
the  moon,  represents  her  attraction.  The  dotted  line  between  thr 
earth  and  mnon  stands  over  the  meridian. 

919.  FigTire  19.— Influence  of  the  sun  upon  tidea.— 
Tims  tnr.  the  attniction  oT  the  moon  has  been  nii^ntioned  its  the  prin- 
cipal cause  of  the  tides :  tiut  the  sim  lia«  the  same  effect  a£  the  mnuii, 
only  in  »  le-Hs  degree.  The  relative  influenoe  of  the  moon  and  son  ii 
about  as  3  to  1. 

Let  the  arrow  M  repreeont  tlic  Attraction  of  the  moon,  and  thn  ami* 
S  that  of  the  sun.  Then  the  sim  imrlially  neutral iws  tlio  influence  uf 
the  moon,  and  a  very  low  tide,  called  the  neap  tidt,  is  tJie  rHaiill- 
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WbeOfliuwtiTBi',  iht>  sun  and  moun  im  cither  io  ooajanctuui  or  oppo- 


BiUon.  us  lit  A  or  P,  Fig.  iX  (923),  Uioir  rorceg,  being  auitcd,  produci;  an 
ttraordinary  tide,  called  the  npring  tide. 

Causes  of  th«  Oppo«it«  Tide-wave. 

9!i0.  Flffure  20.-CatiAea  of  the  opposite  tide-wave.— 

The  principal  caujn-  i<i  tin-  titlf-wavt-  on   the  si«l<-  of  fho  «irlh  np)M)3ite 

tlie  ni<K]n,  is  thf  differfna-  uf  tIi>o  tnoon'ii  attractiim  on  the  oppnsit«  ndes 

the  earth.    The  niuun  u  represented  in  its  orbit  on  the  right 

The  diameter  of  the  earth  Iteing  equal  to  abont  ^  i>f  the  moon's  dia- 

~tancK>,  and  thi*  power  of  attraction  being  invcn^i-ly  m  the  i<(]uar(<  of  the 

Frr,.  3Ci 


I  HI 


i^tance.  the  water  on  the  side  upponte  to  tiie  moon  will  be  attracted 
>rce  about  ^^  lesi*  tlian  that  which  attracts  the  water  on  Ibe 
ide  toward  the  moon  ;  white  the  riyid  part  of  the  eArth  wonid  be  at- 
t«d  with  A  force  commcnsnriitc  with  the  square  of  the  distance  (Vom 
trcof  gravity  to  the  moon.     The  effect  i>f  this  nmijUMl  attmction 
tlie  eart.h,  ami  the  wiLtcro  upon  its  opposite'  t^jileft.  ig  to  ifliin^'Mtc 
le  gvncral  form  of  the  water,  in  the  direction  of  the  moon,  and  thus 
occ  the  two  opposite  tide-wavv& 
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9^1.  The  seoozidary  (Mtuse  of  the  opposite  tide-mn 

(Fig.  20),  is  the  revolution  of  the  earth  aronnd  the  common  centre  of 
<^ravity  of  the  earth  and  moon. 

If  the  earth  and  moon  were  connected  by  a  rod,  aa  represented  in 
the  figure,  there  would  be  some  point,  as  the  centre  of  the  dotted  cir- 
cle, where  they  would  balance  each  .other,  which  would  be  their  com- 
mon centre  of  gravity.  This  point  is  about  6,000  miles  from  the 
earth's  centre.  Therefore,  every  time  the  moon  Terolvea  around  the 
earth,  or  rather  around  this  common  centre  of  gravity,  the  earth's  cen- 
tre will  revolve  around  the  same  point,  as  indicated  by  the  dotted  cir- 
cle, and  the  direction  of  the  arrow.  '. 

By  this  revolution  of  the  earth,  the  water  on  the  side  opposite  the 
moou  is  subjected  to  greater  centrifugal  force  than  that  on  Uie  side  to- 
ward the  moon ;  which  assists,  though  but  slightly,  in  the  prodnctioo 
of  the  opposite  tide-wave. 

^^^.Belative  Influence  of  the  son  and  moon  on  the  tidfii.   . 

— The  tides  are  not  due  so  much  to  the  attraction  of  the  sun  and  moon, 
as  a  whole,  as  to  the  difference  uf  their  attraction  on  the  opposite  Bides 
of  the  earth.  The  attraction  being  inversely  as  the  square  of  the  dis- 
tance, the  influence  of  the  sun  and  moon,  respectively,  moat  he  in  the 
nitio  of  the  earth's  diameter  to  their  distances. 

Now,  the  difference,  as  before  stated,  in  the  distance  of  the  two  oppo- 
site Bides  of  the  earth  from  the  moon,  is  ^of  the  moon's  distance,  as 
340,000  -^  8,000  =  30 ;  while  the  difference,  as  compared  with  the  dti*- 
tance  of  the  aim,  is  only  \xUi'  '^  95,000,000  -;-  8,000  =  11,875. 

Hence,  although  the  sun,  as  a  whole,  attracts  the  earth  much  mon" 
than  the  muun  dcu's  ;  yet,  because  of  her  greater  inequality  of  attrac- 
tion on  the  opposite  sides  of  the  earth,  the  moon  contributes  more  thau 
the  sun  to  the  production  of  the  tides.  Their  relative  influence  is  a* 
thref  to  one.  When  acting  together,  they  produce  tides  one-third 
higher  than  usual;  when  counteracting  each  other,  the  luoar  tide-wave 
prevails,  but  is  one-third  lower  thau  usual 

Spring  and  Neap  Tides. 

92S,  Figure  21.~Spring:  and  neap  tides.— As  the  tides  are 
ciiudi'd  by  the  attraction  of  both  the  sun  and  moon,  and  aa  these  are 
constantly  changing  their  positions,  with  respect  to  the  earth  and  to 
ejich  other,  therefore  they  sometimes  act  one  against  the  other,  and 
partially  neutralize  each  other's  influence;  while,  at  other  times,  they 
combine  their  forces  and  mutually  assist  each  other  (919). 

The  dotted  ellipse  represents  the  earth's  orbit;  the  small  ellipses, 
the  moon's  orbit.     When  the  moon  is  in  quadrature,  aa  seen  in  her  orbit 
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K  Nntl  T,  her  influenoe  is  uu>a8iiiHblv  iifiiu>utiu!il  b;  the  ttiiu,  caus- 
ing low  titles  ualled  neap  luietu    'L'Kl'ihi  will  occur  ut  iMth  quudraturBi 
of  tltt'  moitu.     When  ttu-  muoii  is  in  uonjunctioD  ur  uppueitiun,  m  seen 
tier  urbit  at  A  and  F.  high  tidcti  uccur,  called  npriny  tid^.    'Vheu 
pill  occur,  of  course,  at  botli  full  and  aiw  niooo. 
Aa  Uie  muon,  in  revolving  otico  around  the  enith,  vill  be  once  io 

Pie.  21. 


o»njuiiclion,  twiye  in  quadrntiire.  and  once  in  oii[K)siUon,  lliere  will  be 
two  iM-ap  and  two  spring  tidve  during  every  lunation.  Thug:  spring 
bide  at.  conjunction,  neap  tide  at  first  quarter,  spring  tide  oguin  at  op- 
poaitiuD,  and  neap  tide  again  at  oecond  quarter. 

9S4.  Variations  Ib  the  spring  tides  (Fig.  21).— The  distance 
Hween  tiu'  eartli  and  sun,  as  also  lictwevii  tlie  moon  and  sun,  is  differ- 
tnt  at  ditfereiit  tinu-8  of  the  y«ir ;  ta  aim  the  dislance  bctww-n  the 
earth  and  moon  i«  different  ut  diffon-nl  times  of  the  mouth.  Therefore, 
the  spring  and  neap  tides  are  not  always  alike,  aa  to  their  elevation 
[.Itnd  depreiuion. 

At  A,  the  earth  fa  in  aphefion,  lis  greatest  jioesible  diwlanw  from  the 
in  ;  and  the  moon  ia  iu  apiMfce,  its  greatest  distance  fmm  the  earth. 
Ttit-refore,  the  waters  of  tlie  earth  are  at  their  greatest  poiwilde  distance 
from  IhiIH  the  sun  and  raotiu.  consequently  tln-y  are  th«-  least  attracted 
Jjy  them.    Kenco,  the  spring  tides  are  correspondingly  ioto. 

At  P,  the  earth  is  in  perihelion-,  its  least  possible  distance  IVom  the 
'bud  :  and  the  moon   is  in  psritfee,  its  least  dishmt-c  from    tlie  earth. 
^Therefore  tlie  waters  of  tho  earth  are  now  at  Iheir  least  possible  dis- 
nice  fWim  both  the  snn  and  moon,  ounsetjitently  they  are  subjected  to 
U'ir  greatest  influence,     Henee.  the  spring  tides  aiv  hightft. 
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9^5.  Tides  afltftcted  by  declination.— The  tide- ware  tcDdsto 
rise  directly  under  the  sun  and  moon.  Hence,  at  the  time  of  the  eqoi* 
noxes,  the  sun  being  over  the  equator,  and  the  moon  within  b\°  of  it, 
the  crest  of  the  great  tide-wave  will  be  on  the  equator,  as  represented 
in  Fig.  19  (919). 

As  the  sun  and  moon  decline  south,  one  tide-wave  forms  in  the  sonth, 
and  the  opposite  one  in  the  north.  Suppose  the  moon  and  son  tobeia 
the  south,  over  or  near  the  Tropic  of  Capricorn,  as  shown  in  (^g.  IT 
(917) ;  then  the  highest  wave,  in  the  southern  hemisphere,  will  be 
about  3  o'clock,  p.ir.,  and  the  lowest  about  3  o'clock,  a.m.  ;  while  at  the 
north,  over  or  near  the  Tropic  of  Cancer,  this  order  is  reversed.  If  a 
straight  line  be  drawn  from  the  crest  of  one  wave  to  that  of  the  other, 
it  will  be  seen  that  it  is  highest  tide  in  the  day-time  over  the  wQtbem 
tropic,  and  highest  tide  in  the  night-time  over  the  northern  tn^c 

It  is  on  this  account  that,  in  high  latitudes,  every  alternate  tide  ia 
higlier  than  the  intermediate  ones ;  the  evening  tides  in  «fHiMi«r  (it 
the  north)  exceeding  the  morning  tides;  and  the  morning  tidn  in 
tcinier  exceeding  those  of  evening. 

Othar  Oauaiia  Aflbetiag  Tides. 

9$6.  The  winds  alTect  the  time  and  character  of  tide*. 

— Strong  winds,  according  to  their  direction,  may  either  retard  or 
hustfu  the  rist>  and  fall  of  tides,  or  may  increase  or  diminiah  their 
height. 

927.  The  conformation  of  the  land  affects  the  time  and 
character  of  tides. — The  tide  will  be  later  or  longer  in  risiog  in  » 

large  Imy.  witli  but  a  namiw  oi>ening  into  the  sea  or  ocean.  Hence, 
in  the  hirge  Bay  of  New  York,  which  has  a  very  narrow  inlet,  U  is  not 
usually  high  tide  till  eight  or  nine  hours  after  the  moon  has  passed  the 
meridian. 

In  the  oa-ans.  esiKTiully  the  Pacific,  the  tide  rises  and  falls  but  a  few 
tVvt.     When  i»n.'fised  inti>  narn^w  bavs  or  channels  it  rises  higher. 

9JS.  The  average  elevation  of  tides,  at  a  few  points  on  oar 

coast,  i;:  as  follows:  Cumberland,  at  the  head  of  the  Bay  of  Fundy,  71 
fwt :  B».>ston.  1 1  \  fivt ;  New  Haven.  8  feet :  New  York,  5  feet :  Charles- 
ton. N.  C.  (I  fivt. 

i)J9.  The  difforent  heights  of  water  in  different  oceans 

and  seas. —  As  llie  gt>'at  tiiU'-wAVi'S  pnH\tHl  from  east  to  west,  tliev 
art-  .Hrri'strtl  bv  tho  eastern  side  of  the  (Hmtinents.  For  this  rfas4>n.  tin- 
water  is  'iO  ftvt  higher  in  the  (.liilf  of  Mexico'  than  in  the  Pacific  t>ceaii. 
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the  othir  side  ufthe  rsthmiig.     The  Red  Sea  is  30  feet  higher  than 
MediLerruneun.    InUod  seu  and  lukos  have  no  perceptible  tides. 

\0.  Atmoepherical  tides.— There  is  no  doubt  but  that  the 
iinflocnccs  which  causir  tides  of  the  eea,  produce  tides  of  the  atmo* 
lere.    The  uir  being  lighter  than  vatcr,  and  nearer  to  th«  moon,  the 
lospht-rical  tides  must  he  oorreepondingly  higher  than  those  of  the 
According  to  Uerschel,  these  tides  arc-,  by  very  delicate  observa- 
reudered  not  ouly  deusible.  but  mensurable 
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The  Son*!  I>«cliiuttion. — Zones  and  Temperattiro. 

9,^1.  Plgure  32.— Tlie  declination  of  the  sun.— This  flg- 

»  repretienta  the  dirtctiou  in  which  the  rays  of  the  sun  full  upon  the 
ith,  when  the  1:ittfr  is  at  her  itoletitial  and  equtnoctial  points. 
The  student  should  compare  the  following  explanation  with  S68, 
B.  «7«.  and  STt. 
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The  dotted  semicircle,  N,  represents  the  position  of  the  sua  when 
the  earth  is  at  her  summer  solstice  ;  the  semicircle,  S,  bis  position  when 
the  earth  is  at  her  winter  solstice  ;  the  semicircle,  £,  his  position  when 
the  earth  is  at  her  equinoctial  points. 


93^.  The  zones.— The  torrid  zone  (Fig.  22).— The  ai 
KR8  and  ERN,  are  nearly  23^  degrees  each  ;  hence  the  angle,  KRS,  is 
47  degrees ;  and  the  surface  of  the  earth  included  between  the  lioeg, 
NR  and  SK,  constitutes  the  torrid  zone,  on  which  the  sun  shines  twice 
every  year  with  jwrpendicular  rays. 

The  fHffid  zones. — When  the  enn  is  at  S,  it  shines  upon  the 
soutti  pole,  P,  and  tlie  extreme  rays  on  the  right  pass  by  the  pole  and 
are  tungent  to  the  earth  at  the  point,  II  23)-  degrees  beyond  the  pole. 
Wlieu  the  sun  is  at  E,  be  shines  npon  both  poles ;  and  when  at  N,  he 
shines  upon  the  north  pole,  O,  and  23^  degrees  beyond  it;  while  the 
extreme  rays  on  the  right  are  tangent  to  the  earth  at  a  point  23^  de- 
grees above  the  sonth  pole,  P ;  and  the  surface  of  the  earth  induded 
between  this  point  and  the  point  H,  constitutes  the  south  frigid  zont, 
which  extends  231-  degrees  in  every  direction  from  the  pole. 

The  temperate  zones. — The  surface  of  the  earth  inolnded  be- 
tween the  torrid  zone  and  sonth  frigid  zone  is  the  south  temperate  lone. 
The  northern  hemisphere  is,  of  coarse,  divided  in  the  same  nuuiner. 

f)33.  When  the  sun  shines  on  the  poles  (Fig.  2»)^The 
sun  shines  on  the  south  pole  constantly  while  he  passes  fitnnBtoS 
and  from  S  back  to  E  again,  which  will  occnr  while  the  eartli  passes 
fn>m  the  autumnal  to  the  vernal  equinox,  inclnding  the  zix  months 
fn>Di  September  ^3d  to  March  21st.  During  this  time,  which  is  the 
IH'riod  of  tlie  sun's  southern  dtcliiiation,  the  Mor/A  pole  will  be  in  dark- 
ness. 77ie  sun  i>hiHejf  on  the  north  pofe  constantly  while  he  paoro  ftom 
K  to  N  and  from  N'  back  to  E  again,  which  will  occur  while  the  earth 
jiass^'S  from  the  vernal  to  the  autamnal  equinox,  including  the  six 
months  from  March  21st  to  September  23d.  During  this  time,  which 
is  the  period  of  the  northern  deciinafion^  the  south  pole  will  be  in 
darkness. 

!),i^.  The  effoct  of  the  son^s  declination  on  temperature 

is  due  to  the  manner  in  which  his  rays  strike  upon  the  sarfiue  of  the 
ertfth.  Thos^^  i^arts  of  the  earth  upon  which  the  rays  fall  perpendicu- 
liirlit  an.'  Always  warniest :  while  ihose  portions  upon  which  they  fall 
ithtiifurlt/  arv  (.vmiwratively  wM. 

In  the  diturnmi  (Fi;;.  '^''^V  the  sun  is  supposed  to  be  at  S,  which 
I'auses  his  rays  to  fall  on  the  south  ]^^1e.  P,  and  the  shadow  of  tiie 
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a  oirole  of  celestial  latitude,  and  not  from  the  equinoctial  or  celesti^ 
equator,  E.  Celestial  latitude,  therefore,  is  distance  north  or  south  of 
the  ecliptic ;  and  as  one  half  of  the  ecliptic,  B,  is  south  of  the  equinoc- 
tial (E)  and  the  earth's  equator,  it  follows  that  a  star  may  be  in  norM 
celestial  latitude,  which  is,  nevertheless,  south  of  the  equinoctial. 

Terrestrial  latitude  is  distance  on  the  earth's  sur&ce,  reckoned  in 
degrees  and  minutes,  north  or  south  from  the  equator  to  the  poles,  on 
any  meridian.    Hence  the  highest  latitude,  north  or  south,  is  90*". 

9S6.  Oelestial  longitude  is  reckoned  from  the  vernal  equinox, 
or  the  first  degree  of  Aries  eastward,  around  the  ecliptic  to  the  same 
point  again ;  therefore,  the  greatest  number  of  degrees  of  celestial 
longitude  is  360.    See  Fig.  1  (865). 

Terrestrial  longitude  is  distance  on  the  earth's  surface,  reckoned  east 
or  west;  from  any  given  meridian  on  the  equator  or  any  parallel  of  lati- 
tude. The  degrees  of  longitude  diminish  in  length  from  the  equator 
to  the  poles,  because  the  earth  grows  smaller  in  circumference.  The 
greatest  number  of  degrees  of  terrestrial  longitude  is  180  east  and  180 
west.  The  meridian,  from  which  the  reckoning  commences^  is  different 
in  different  countries.  The  English  reckon  frvm  that  passing  through 
Greenwich,  near  Loudon ;  the  French  from  that  passing  through  Paris; 
and  the  Americans  from  that  passing  through  Washington. 

9S7'  ^bo  terroBtrial  globe  represents  the  earth,  upon  which 
are  drawn  continents,  islands,  mountains,  oceans,  seas,  rivers,  parallels 
of  latitude  and  longitude,  boundaries  of  nations,  eta 

9SS.  The  oelestial  globe  (Fig.  33)  represents  the  heavens  as 

seen  from  the  earth,  upon  which  are  drawn  the  ninety-three  constella- 
tions, galaxy,  or  milky  way,  figures  of  various  animals  and  objects  from 
which  the  constellations  are  named,  and  circles  of  celestial  latitude 
and  longitude. 

There  are  ninety-three  constellations.  The  milky  way  is  composed 
of  a  vast  number  of  stars,  so  far  away,  and  situated  so  nearly  in  the 
same  direction,  us  to  appear  like  a  thin  cloud.  It  extends  from  north- 
east to  southwest  through  the  whole  circumference  of  the  heavens,  as 
represented  in  the  figure. 

77te  celestial  poles  are  the  points,  N  and  S,  where  the  earth's  axis,  if 
extended,  would  meet  the  heavens. 

The  plane  of  a  meridian  extends  to  the  heavens,  and  forms  a  celestial 
meridian  or  circle  of  declination,  upon  which  are  measured  declination 
and  polar  distance ;  the  declination  of  a  heavenly  body  being  its  dis- 
tance from  the  equinoctial  or  celestial  equator,  E,  north  or  sonth. 
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The  declioafaon  and  polar  diatanoe  almyt  equal  90",  or  a  qtuurter  of 
a  circle. 

The  right  aacenmon  of  a  body  is  its  distance  east  of  the  first  point  of 
Aries,  measured  on  the  equinoctial,  whereas  celestial  longitude,  as  before 
stated,  is  reckoned  from  the  first  point  of  Aries,  measured  on  the  ecliptic. 

The  angle  of  right  aaceneion  is  included  between  the  meridian  pass- 
ing throngh  the  body,  and  the  one  passing  through  the  first  point  of 
Aries;  and,  like  celestial  longitude,  is  reckoned  360'^. 

drclee  of  celestial  latitude  pass  through  the  poles  (A)  of  the  ecliptic, 
and  cut  its  plane  (B)  at  right  augles.  Upon  these  circles  the  latitude 
of  heavenly  bodies  is  measured,  north  and  sonth,  &om  the  ecliptic. 

The  angle  of  longitude  is  included  between  the  circle  of  latitude 
passing  through  the  body,  and  the  one  passing  through  the  first  point 
of  Aries,  where  they  meet  at  the  poles  of  the  ecliptia 

The  celestial  horizon  is  a  great  circle,  whose  plane,  passing  through 
the  cenb«  of  the  earth,  divides  the  heavens  into  two  hemispheres,  of 
which  the  upper  one  is  called  the  visible  hemisphere,  and  the  lower  one 
the  invisible  hemisphere.  It  is  the  plane  of  this  circle  which  deter- 
mines the  rising  and  setting  of  the  heavenly  bodies. 

77te  sensible  horizon  is  the  circle  which  terminates  our  view,  where 
the  earth  and  sky  appear  to  meet 

A  vertical  circle  is  a  great  circle  in  the  heavens,  passing  through  the 
zenith  and  nadir,  cutting  the  horizon  at  right  angles. 

77ie  meridian  is  that  vertical  circle  which  passes  throngh  the  north 
and  south  points  of  the  horizon. 

7%e  prime  vertical  circle  is  the  vertical  circle  which  passes  through 
the  east  and  west  points  of  the  horizon. 

Altitude  and  zenith  distance  are  measured  in  degrees  and  minutes 
on  vertical  circles. 

77te  zenith  distance  of  a  heavenly  body  is  its  distance  from  the 
zenith.    The  altitude  and  zenith  distance  are  always  equal  to  90°. 

The  azimuth  of  a  heavenly  body  is  its  distance,  east  or  west,  from  the 
meridian. 

The  angle  of  azimuth  is  included  between  the  meridian  and  vertical 
circle  passing  through  the  body. 

The  amplitude  of  a  heavenly  body  is  its  distance,  north  or  south,  of 
the  prime  vertical  circle. 

The  angle  of  amplitude  is  included  between  the  prime  vertical  and 
the  vertical  circle  passing  throngh  the  body. 

The  angles  expressing  azimuth  and  amplitude  are  formed  at  the  zenith 
where  the  vertical  circles  intersect  each  other;  the  measurement  being 
made  on  the  rational  horizon. 

The  sums  of  the  azimuth  and  amplitude  are  always  equal  to  90°. 
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0S9.  Nutation  of  the  earth'B  aids  (Fig.  33)^The  pre- 
ct^usion  of  the  equinoxes  (see  875)  consistB  of  a  real  motion  of  the  pole 
of  the  heavens,  N,  among  the  stars,  in  a  ^mall  circle,  NL,  around  die 
pole  of  the  ecliptic,  A,  as  a  centre,  keeping  constantly  at  its  preKOt 
distance  of  23^  degrees  from  it,  in  a  direction  from  east  to  west,  and 
with  a  progress  so  slow  as  to  require  25,000  years  to  complete  one  icto- 
lution,  called  the  Platonic  or  great  year.  Hence,  the  bright  star  of  the 
Lesser  Bear,  which  we  now  call  the  pole-star,  has  not  always  been,  nor 
will  always  continue  to  be,  the  polar  star;  for,  in  13,500  years  from 
now,  the  north  pole  of  the  earth  will  be  at  L,  47  degrees  from  its  prea- 
ent  position. 

This  revolution  will,  from  age  to  age,  cause  gradual  changes  in  the 
aspects  of  the  heavens. 

The  Fixed  Stars— Ohutera—Nebnlas—OaUucy,  etc 

940.  Motion  of  the  stars. — The  stars,  instead  of  being  fixed  or 
stationary,  are  found,  like  our  sun,  to  be  revolving  around  their  own 
axes,  and  around  some  other  central  body,  and,  probably,  carrying  with 
them  systems  of  planets,  satellites,  and  comets. 

942  •  Variable  or  periodical  stars  are  those  which  undergo  a 
regular  periodical  increase  and  diminution  of  lustre,  amounting,  in 
some  cases,  to  a  complete  extinction  and  revival. 

94^-  Temporary  stars,  or  nsw  and  lost  stars,  are  thoije 
which  have  appeared  from  time  to  time  in  different  parts  of  the  heavens, 
and,  after  remaining  for  a  while  apparently  immovable,  died  away  and 
left,  no  trace  of  their  existence.    There  are  but  few  such  stars. 

94^-  Double  stars.— Many  stars,  which  to  the  naked  eye  ajtpear 
single,  are  found,  by  aid  of  the  telescope,  to  consist  of  two  or  more  stars, 
situated  near  each  other.  These,  as  the  case  may  be,  are  called  dou- 
ble, triple,  or  multiple  stars ;  or  binary,  ternary,  etc. 

944-  Binary  systems,— When  two  or  more  stars  are  found  in  a 
state  of  revolution  about  their  common  centre  of  gravity,  as  the  planets 
revolve  around  our  sun  (845),  they  constitute  what  is  called  a  binary 
or  ^tirllnr  syxtem.  These  are  the  double  and  multiple  stars,  which  to 
the  naked  eye  apjiear  single.  There  have  been  discovered  about  6,000 
multiple  stars.  Their  i>eriods  of  revolution  about  their  common  centre 
vary  from  a  few  to  thousands  of  years.  It  is  estimated,  in  some  cases 
which  have  been  observed,  chat  the  smaller  revolve  about  the  larger  of 
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tht:  component  atare  at  hundreds  of  billioDs  of  miles  from  each  other, 
with  the  aatounding  velocity  of  millions  of  miles  per  boar. 

Besides  the  rerolntion  of  these  stars  (which  are  really  suns)  arouad 
each  other,  they  have  a  proper  motion  in  space,  like  our  sun,  around 
the  great  antral  aun  of  our  cinster  (951). 

943.  Clusters  of  stars. — In  a  clear  moonless  night  there  can  be 
seen,  in  different  parts  of  the  heavens,  gronpa  of  stars  which  seem  to  be 
drawn  together,  as  if  by  some  special,  mutual  attraction.  The  Pleiades, 
or  the  Seven  Stars,  and  Hyades,  in  Taurus,  are  instances  of  this  kind. 
In  the  Pleiades  there  are  seen,  by  aid  of  the  telescope,  over  :200  stars. 
Such  groups  are  called  clusters  of  stars.  Some  of  them  contain  ten 
or  twenty  thousand  stars,  apparently  compacted  and  held  together  in 
a  family,  apart  from  other  stars,  under  the  influence  of  other  laws  of 
aggregation  than  those  which  have  determined  the  scattering  of  stars 
over  the  general  apparent  surface  of  the  heavens.  Some  of  these  clus- 
ters are  of  a  globular  form,  while  others  have  a  very  irregular  figure. 

HebulsB. 

946'  NebulflB. — This  term  if  applied  to  those  clusters  of  stars  that 
are  so  distant  as  to  appear  only  like  a  faint  clond  or  haze  of  light. 
There  is  probably  no  limit  to  the  number  of  nebulee.  Prof.  Mitchell 
concluded  that  some  of  these  are  so  distant,  that  their  light,  travelling 
192,000  miles  a  second,  would  not  reach  us  in  less  than  30,000,000  of 
years. 

Only  a  few  nebnl»  are  seen  with  the  naked  eye.  When  seen  through 
the  telescope  they  appear  as  large  as  one-tenth  of  the  moon's  disk. 
Though  they  are  seen  in  all  parts  of  the  heavens,  they  are  most  nume- 
rous in  a  zone  of  the  heavens  at  right  angles  to  the  milky  way. 

947.  Classes  of  nebulae.— Nebulse  are  divided  into  five  classes, 
viz.: 

Ist.  Resolved  nebul(B,  or  those  which  have  been  discovered  to  be 
great  clusters  of  stars. 

2d.  Resolvabfe  nebvla,  or  those  which  are  considered  to  be  composed 
of  stars. 

3d.  Stellar  nebula,  which  have  an  oval  or  round  shape,  increasing  in 
density  toward  the  centre,  and,  sometimes,  seem  to  have  a  dim  star  in 
the  centre. 

4th.  Irresolvable  nebula,  which  are  considered  to  be  luminous  mat- 
ter in  an  atmospheric  state,  condensing  into  solid  bodies,  like  the  sun 
and  planets. 

5th.  Plartetartf  nebula,  which  resemble  the  disk  of  a  planet,  aud  are 
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eoneidered  to  be  in  an  ancondensed  atai&  Some  of  these  are  of  enor- 
111UU8  eize.  There  is  one  ntnated  in  the  head  of  Aqnarins,  oompnted 
to  be  of  aofficient  magnitude  to  fill  the  orbit  of  Uranus,  or  neaiiy 
11,000,000  of  miles  in  circumference.  A  few  nebnls  are  anntUar  in 
form.    Tliere  are  also  double  nebula,  or  two  or  more  near  each  other. 

It  is  probable  that  all  nebulae  might  be  resolved  into  distinct  stars, 
had  we  telescopes  of  sufficient  power. 

94s.  ^^6  milky  "way  an  awwulin'  nebula. — The  vast  appa- 
rent extpnt  of  the  milky  way,  as  compared  with  other  nebnlaa,  is  owing 
to  its  comparative  nearness.  Gould  we  view  the  galaxy  or  milky  way 
firom  one  of  the  other  nebulae,  it  would  appear  as  an  ordinary  annular 
nebulffi,  of  which  our  sun  is  one  of  the  stars.  Hence,  the  Milky  Way 
may  he  called  the  Great  Nebula  of  the  solar  system. 

949.  The  number  of  stars. — In  the  milky  way,  Herschel  esti- 
mated that  50,000  stars  passed  the  field  of  vision  of  his  tele-scope  in  a  sin- 
gle hour.  It  is  safe,  therefore,  to  estimate  the  number  of  stars  in  each 
cluster  or  nebula  as  almost  numberless.  Hence,  when  it  is  considered 
that  the  nebulaa  themselves  are  also  numberless,  how  vast  must  be 
the  aggregate  number  of  stars  or  suns,  to  say  nothing  of  the  many 
times  as  many  planets,  satellites,  and  comets. 

950.  The  term  uniTerse. — Each  nebula  and  cluster  is  called 
a  Universe  nr  Firmament  Therefore,  theTJniveraal  Whole  consists  of 
Firmament  upon  Firmament,  or  an  infinite  series  of  Universes. 

951.  Our  cluster,  or  firmament.— The  single  stars,  visible 
to  the  naked  eye,  including  the  milky  way  and  the  solar  system,  con- 
stitute only  one  of  the  clusters  or  nebulie  of  the  heavens ;  that  is,  only 
one  of  the  numberless  Universes  or  Firmaments,  which,  under  the 
guidance  of  the  Divine  Mind,  ceaselessly,  silently,  and  harmonioosly 
traverse  the  boundless  realms  of  space.  Yet  all  is  made  up  of  atoms, 
inconcei%'abIy  small ;  and  the  wisdom,  power,  and  goodness  of  God  are 
not  less  manifest  in  the  infinitely  varied  combinations  of  the  infinites- 
imal molecules  of  matter  than  in  the  construction,  magnitude,  and 
tiplendor  of  the  heavens. 
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tabic  of.  of  Mllda,  SO. 

variea  with  molecular  arrangenMiit,  M4. 
rondiictioD  ot  olectrtclty,  GS6L 

or  heat.  3U). 

hi'Bt  \a  liqnLdB  not  eooallzed  by,  Wl. 

muiiical  tones  canseu  bf,  MS. 

the  principle  of  Davy's  sadety  lamp,  MS. 
Coudnctors  and  DOD-couductora  of  heat,  MO. 

uf  electricity.  M3. 
CiinjUKate  (oc\.  properties  of,  38B. 
Conlugstu  mirrors,  reflection  of  heat  by,  M9. 
Conjuuction  and  opposition  of  piiDets,  9B0. 
ConslellBtloDs  of  the  sodiac,  866,  STl,  93a 
ConBtrnctiou  of  baromelen,  131. 

of  thermometer*,  S71-3SS. 
Copper,  tempering.  3S. 
Convection  of  heat.  353. 

in  liqiildo,  393. 

in  ganeB.  :256. 

heal  I  DIE  00  lid  I  nef  by.  Id  air,  >S6. 

hsailDK  buildings  by,  in  nulde,  3BS. 

ocean  currente  caiu'ed  by,  2M. 
ConTervlon  of  tbermotnetric  »caleH,  373. 
Convexity  of  the  earth'»  furface,  ttSll. 
Convex  lensep,  408. 

coDJLinte  foci  of.  400. 

Hihencal  mirrors,  SSi, 

illuplroted  by  plHue  mlrrora.  SBl. 

imagex  formed  by,  3S4,  3SC. 
Conveying  water  over  hlllu  with  ■ypbons,  191. 
Cmlini:  by  radiation.  38B. 
Copemlcuti'  theory  uf  aiftroaomy,  SOS. 
Cord*,  vibratiim  of.  S70-5T3. 
Gorooas,  43(t. 

CoDple»,  simple  voltaic,  736. 
Crank.  Irre^lar  actloD  of,  354. 
CreiuD,  why  rieeR  on  milk.  117. 
Cryophoru».  or  froiit-bearur,  335. 
CryBtalllKatlon.  310. 
Ciyf  ta)lu){enlc  a  [tract  ion.  35. 
Cryitals  conduct  beat.  344. 

forms  of,  34. 
Cabical  expansion,  317. 
Cnrrents,  atmospheric,  3S8. 

In  MBe«,  m. 

to  the  ocean,  354. 
CarvGfl,  ma^cnellc,  62S-630. 

faraMloid,  393. 
near  motion,  843, 
Cyclones  or  hnrricancs,  365. 
Cylinder  etecirical  machine,  G77. 


D. 

DAamRBXoTVPKS,  how  forraed,  486. 

taken  by  electrical  light,  7S0; 
Dark  lines  in  specirnm,  43b-4S8. 
Day  and  nlefat.  m'. 
Day,  solar,  854. 

lildcreal,  854. 
Davy's  safely  lamp,  445. 
Dead  centre,  S54. 
Decliuallon  of  the  needle.  638. 
Declination  of  the  son,  8T1,  ysl. 

effect  of  ou  climate,  B34. 
Decompopltton  of  liEht,  419. 

of  saltt,  796. 

of  water,  755. 
Defects  of  the  eye,  45S-~I60. 
Deflagration,  791. 

BensUy  does  not  Imply  hardness,  38. 
Density  of  air  at  dltTertnl  sltltndes,  ISA 


of  esse"  and  vaiwrs,  «li. 
of  planelH,  with  taiiic,  831. 
Descent  on  Inclined  planes,  55. 


DeMsnt,  perpendicular,  of  pendnlnou,  61. 

DepresstOD  of  m«rcnrj  In  tubes,  88. 

Determination  of  redeetive  power,  SM. 

Dew,  84& 
'  Dew-point,  838. 

Dlamagnetiim,  TSS. 

Dlathcrmancj,  S9a 

cauaes  which  modUy.lBIlL 
of  the  air,  90a 
'  Dielectrics,  fflO. 
,  Difference  between  mnticat  Botwdsand  nolMS, 

I  sa& 

I  Difference   between  static  and  dynamic  elec- 
tricity. 744. 

Dlfferenllal  thennometer,  388. 
I  Diffraction,  511. 

DlffnctioD  lMiit;es.  511. 
,  Dloptrlcii,  deflultions,  SM. 

DlpplUK  needle.  643. 

Its  position  In  dlffutent  placet,  648. 

Direction  in  which  object*  are  seen,  360. 
:  Direction  of  force,  54. 
of  gravity,  6S. 

Directive  action  of  the  earth  and  of  majpiets,  686. 
I  Diacharge,  electrical,  of  tbe  condenser.  605. 

Discharger,  electrical,  805. 
I  universal.  607. 

Discharging-rod.  600. 
,  Ulwovery  of  eleclridty,  0^0. 
I  of  electro-niagnelism.  TOO. 

I  of  galvanism,  accidental,  733. 

:  Disguised  clectrirlly.  800. 

Dispersion  of  light,  364. 

Distance  calcal&iod  by  soiud,  5?7. 
estimation  of,  4fl6. 
of  distinct  vision.  450. 

Distance  between  heavenly  bodies,  708. 
I  Diving-bell.  141. 
'  Divisibility,  II. 

I  Double  rifraciion,  polaiixatlon  by,  530. 
'  Downward  pressure  of  .'air,  136. 
I  of  liquids,  101. 

;  Dry-piles,  volt&lc,  738. 

Onctlllly.  aO. 

Duration  of  vleaal  Impressions,  470. 

Dynamical  electricity,  731. 

Dynamics.  B4. 

E. 

Bab,  of  anlmalB.OSe. 

trnmpet,  068. 
Earth  as  a  magnet,  OSS. 

as  viewed  from  Hcrcnry,  B8(L 

at  the  equinoxes,  870. 

at  Ihe  solstices,  009. 

circuit,  778. 

directive  action  of,  788. 

drawn  toward  falling  bodies,  S3. 

Ogare  of,  50.  SM. 

the  rcHerviiir  of  electricity,  060. 

motion  uf  tbe  wal^r  of.  913. 
Earth's  axis,  natation  ot.  939. 

magnetlii'm.  nctlon  of  Illustrated  by  mag- 
nets. 041. 

cause  of,  780. 

periodic  revolution,  615. 

rotation,  effect  of  upon  gravity,  SI. 

effect  of  upon  winds,  30i. 

site  I  lite  or  moon,  tSO. 

surface,  convexity  of,  889. 
EballlUon,  316. 

laws  governing,  317. 

(see  nolllng-polnt.) 
Echo,  547. 

tone  changed  by,  547. 
Echoes,  mnlllple.  548. 
Eclipses,  direction  In  which  they  come  on.  898. 

duration  of,  SO-J. 

gRiierai  effects  of  total  of  tbe  sun,  003. 

of  the  stars.  H09. 

poaltlon  of  son,  earth,  and  moon  when  they 
occnr,  600. 
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EcHpBeB,  tbe  numher  of  In  any  one  jtxi,  MM. 

ihay  an;  either  loul  paitial,  or  aanalar,  8DT. 

total  and  nnnnlar  of  the  mid,  901. 

total  of  tbe  moon  and  partial  of  the  mm, 
89H. 

wb;  there  are  not  more  volar  tban  lunar, 
QM. 

why  Dot  moi-e  frequent.  906. 

of  Jupller'e  mootie,  910. 

of  Saiam'B  mooD«,  Oil. 
Ecliptfc.  84T. 

axis  of,  B47. 

tDcUsatlon  of  tbe  orbits  of  the  planetB  to 
the  plane  of,  with  table,  S19. 

itx  iDtcrHectfon  with  tbe  eqcinoctlal,  B77. 

obttqallr  of.  M8. 

poles  of,  Wi. 
Bcllpuc  limits,  Folar  and  Innar,  907. 
Bel,  electrical,  TW. 
tStectt  oraccanalated  electridtj,  TOt-T06. 

chemical,  TtHj. 

heating,  706. 

mechanical,  107. 

phyatolojiclcal,  706. 
Elftftlc  ballB  tranHmll  gbocka,  66. 
Elaatlcfty,  SO. 

limits  or,  36. 

of  air.  1*7. 

of  curd*  and  wires,  HTO, 

of  flexure.  tenHlon,  and  torsion,  90. 

of  piseti,  H7-1B0,  M6. 

of  Iinuldi>.  89. 
Electric  battery.  ^9. 
Blectric  cnrrents,  action  of  magnets  apon,  TN. 

action  of  npoD  magnetic  needle*.  761. 

attraction  of,  shown  by  oKllUting  spiral, 
TOR 

difference  between  Intensity  and  qnantitT 
of.  738. 

Induced  by  other  cnrrents,  "iM. 

mnlLial  action  of,  767. 

of  the  pile,  730. 

rei'lr'taucf  to,  748. 
Electric  IlKhT,  746. 

Ill  a  vacuum.  6B9. 

lnl1iii>Tipei>  the  magnet,  74& 

firopertlcH  of,  7S0. 
c  Impark.  (iSl,  7W. 

color  of.  701. 

difference  between  pOBitfvuand  negative, 
702. 
Electric  tel^n^ph,  776-778. 
Bll'Ctriral  anlniulH.  7W. 
Electrical  sttractkin  and  repnlalon,  6S6. 

artraction  and  rcpuleion,  laws  Of,  657. 

eel,  790. 

eicilt-meni,  ponrcea  of,  GSO. 

pendulum.  653. 

tena'on.  668. 
Electrical  niacblnes,  676-8S3. 

preeAiillons  In  using,  (181. 

uce  of,  B79. 
Electrlcnl  bliistlns,  706. 
Electrical  lilow-ptpc,  688. 

cblme,  666. 

condensers,  090-694. 

egg.  689. 

experlmenlH  lllnstrallng  attraction  and  rc- 
imlrlon,  6»4-e89. 

helix.  T7I1.  771. 

induction,  668-671. 

puppets,  fi85. 

square.  708. 

wht;ul.  687. 
Btsctridty,  accumnlated,  690-a9&. 

accumulated  only  on  the  surface  of  bodies, 
663. 

atmoi>phcrlc.  700-719. 

condnctorv  of.  058. 

docnmiwi^lion  by,  752. 

dfflnlHiHi  of,  648. 

dlschargeof.  694,  696. 

dlscoverj-  of,  H9. 


Blertridtj,  dlwntaed  or  Utent,  SQO. 
dlambotlon  dependent  > 


^^ ,  0*1  f otm,  on 

dynamical,  m. 

dynamlca),  chemical  eflteta  of,  IBHBl 

djoamical,  magnetic  effects  ot,  W. 

dynamical,  physical  efEactaoT,  74S~7SL 

earth  a  reserralr  ot^  MO. 

Franklin's  esperlment  with.  TDBi 

floating  carrenta  of,  TOT. 

fHctlonal,  648-668. 

fh>m  all  soarces  Identical,  "ML 

trma  steam,  ML 

salTanlc.  716. 

Beating,  effecta  of;  TOO-TSL 

lllnmlnatinc  elfecta  of,  74ft. 

IndnctloD  tn,  668-OTI. 

light  and  heat,  & 

loss  or.  In  excited  bodies,  6ft7. 

magneto,  781. 

measurement  of  quantity  o^  la  mifliliiw. 
680. 

mechanical  effecta  of,  707. 

of  animals.  790. 

of  plants,  ni. 

physiological  efftscta  of,  706, 768. 

positive  and  negative.  65S. 

quantity  necessary  tor  decomposltloo.  TSJ. 

relation  between  and  maenetism,  75B. 

rraidee  on  surlhces  of  bodies,  S6S. 

secondary  cnmots  of.  7M. 

sources  of.  660. 

sUtlcal,  648. 

atatlcal  and  dynamical,  difference  between, 
744. 

statical,  chemical  eflhcts  of,  TOB. 

theorief  of.  664,  666.  784, 736. 

thermo.  787. 

the  two  fluids  of,  separated  and  obtained, 
009. 

two  kinds  of.  SeS. 

velocity  of,  716. 

vitreous  and  reslnons,  663. 

voltaic.  785. 
Electrodes,  787. 

shape  of  carbon,  740. 
ElecCro-cnemical  decomposition,  7SS. 

theory,  785. 
Electro-dynamic  force,  exerted  In  a  tAugentlal  di- 
rection, 785. 
Electro^ynamlc  induction,  779. 
Electro -dynamics,  7511. 
BlL-ctro-cil<llng  and  electro-plating,  754. 
Electro-magnetism.  759- 

Ersted's  discovery  re  latlnir  lo,  TOO. 
Electro-macniets,  7T3. 

Electro-magnetic  force  exerted  In  a   tangential 
dir<«tion.  766. 

suspension  of  bodies  by,  without  contact, 
174.  ' 

theory  of.  Ampere's,  706. 

utiliialionnf.  T16. 
Electrometera,  618. 

gold-leaf,  014. 

method  of  using  the  gold-leaf,  K1B. 

quadrant.  67S. 
Blectro-motlve  force,  741. 
Electro-pofitlvc  and  elect ro-ncgatlve,  781. 
EHectropboras.  K76. 
Elleclroscope.  058. 

Bohiienberger's  dry-pile,  TSt. 
Eleclrotypine,  75.^. 

method  of  depositing  the  metal  upon  the 
mould,  76S. 

preparing  the  mould,  758. 
Blemenls,  simple.  I. 
Emission  power  of  bodies,  396. 

canscB  modifying,  897. 
Endless  screw.  66. 
Engine  tin',  186. 

high  pressure  steam,  S40. 

low  pressure  steam,  864. 
Boliplle.  346. 
Equilibrium,  40. 
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Bgnillbrlnm,  coDdltlom  of  In  liquids,  M. 

eteciricml.  665. 

Benml.  sUttk.  and  unstable.  4a 

nentnl  and  vttble  lliii«trat«d,  4S. 

or  hMt,  908. 

of  liquids  In  eonimnDlcatlDKTMeela,  H. 

of  liquids  of  dUfereni  denaltles,  IIT. 

of  Uw  l«ver.  00. 

on  Inclined  plane,  S3. 
Eqainoctial,  875. 

Intersection  of  with  the  ecHptlc,  817. 
Eqninozes,  dTO. 

preceaslDn  of,  B7S. 
■rated's  dli>CDTei7,  IVO. 
Kscape  of  Ifqalds  tbrongh  ortflcea.  IBS. 
B*f«nlla)  propertlM  of  matter, ».  10. 
Batlmatlon  of  diptiuice  sod  magnltnde  of  ob- 
jects. 408. 

of  distance  hj  sound,  6ST. 
Sraponttlon,  Stt. 

causes  Inflaenclng,  SU. 

cold  prodaceil  bj,  3SS,  848. 

freeEioz  b;.  8SB. 

In  a  Tacaom.  SS8. 

ander  prMSom,  SM. 
Bzpanslbllltr,  13. 
BxpMi^i'iii  of  ga«es,  ns. 

relation  of  to  cnrnpreaslbllitT,  SS8. 

Uw«  of,  SS7. 
Bxpanslonof  liquids,  390. 

Bmonnt  of,  Ul. 

beneflcUl  effects  of  nneqaal,  In  water,  394. 

different  in  different  I tqaids,  for  same  bcal, 
391. 

table  of  for  different  lloDlds,  399. 

water  an  exception  to  tan  law.  998. 
Expansion  of  solids,  915. 

absotDte  and  relative,  919. 

amount  of,  916. 

co.eincicnt  of,  cnbical  and  lineal,  916. 

cubical,  SIT. 

cablcal  and  lineal,  relation  between,  918. 

force  exerted  bj,S15. 

llneat,  915. 

ratio  of  InrreaseB  wltb  the  lemperatiire, 
991. 

Ubie  of,  for  different  solids,  910. 
Bxploelon  of  steam-boilers,  830. 
Ssteoalon,  0. 
Bxtont  of  fpace,  795. 
Bztrcmes  or  temperature,  907. 
Kjc,  adJnstabHUy  of  to  different  distances,  445. 

Invention  of  Iniage*  In.  449. 

lachrTinal  or  tear  gland,  and  eyelid,  444. 

means  of  adjusting  and  hoIdlDg,  449. 

rlc  axis  ot,  440. 
ilarltv  between  and   camera  obscura. 

ftrncture  of  Its  Interior.  448. 

the  pui^l,  method  of  adjostlng,  441. 
Br*-Klas«es,  47*. 
Bye-plece,  477,  488,489. 


F. 

FADRinHtrr's  thenuoTDeter,  379. 

Fkll  of  light  bodies.  1S». 

FallInK  bodies,  accelerated  velodtrof,  S6. 

laws  of;  EB. 
Fading  body,  space  described  by,  65. 

table  of  intervals  and  spaces,  65. 
Fir»«i^lne,  186. 

wiiere  flrst  employed,  18S. 
FirmaineDt,  951. 
Fixed  line*  In  spectra,  43S-49S. 

pnltey,  75. 

sura,  940-9S1. 
Ftame,  stmctare  of,  844. 
Flezlbtllty  and  pUabillty,  81. 
FMaUoa,  principles  of,  llSi 
FInHtlijr,  cause  of,  87. 
FInlda,  anstnl  tod  boreal,  888. 


Flolds,  elastic.  119. 

electrical,  609. 

magnetic,  695. 

theory  of  aingle  electrical,  855. 

theory  of  two  electrical,  654. 

the  tenn  flnid,  656. 

Tlsdd,  hntlns  oC  358. 
Plow  of  llqnids.  1!»-1B6. 

In  pipes,  theoretical  and  actnal,  158. 

throngh  orlOcea  at  different  depths,  155. 

velocit;  of   diactuuge  as  square  root  of 
bead,  155. 

of  rivers,  156. 

velocity  of.  191. 
Fly-wheel,  nso  of,  854. 
Foci  of  concave  mirrors,  for  divergent  rays,  8B0. 

for  parallel  and  cooTergenl  rays,  888. 

conjugate.  prnpeHler  of,  889. 
Focns,  virtoal,  for  converjting  rays,  8S& 
FojC-bows,  4W. 
Forco,  covrrltlve  uf  rosKncIs,  6^. 

directive  ot  magnets.  638. 

distribuiion  of.  In  magnets,  SOBk 

electro-moll ve.  741. 

forroailve  in  nature,  91 

origin  of.  90. 

nnit  or,M. 
Foree*.  90. 

cenlrirngal  and  ceotrlpltal,  848. 

composition  ol,  G8. 

measure  of.  54. 

molccolar.  99. 

parallelnvram  of,  E6. 

propotltionB  In  regard  to,  54. 

represented  by  Hoes,  SI 

resolntlonof,  SL 
Force*  aud  resistance*,  66. 
Forelng-pnmps.  leo-ltfi. 

plungi-r.  IBO. 

rotanf.  7S-1T7. 
Formative  force  In  nature,  M. 
Formg  ot  crystals.  96. 

of  lenHcs.  406. 

of  mirrors,  387. 
Formnlie  relating  to  comblnaUon  of  mechani- 
cal powers,  99. 

relating  to  compound  levers.  68^ 

componnd  wheel  and  axle.  74. 

eottveridoii  uf  thennometric  scales,  978. 

falling  and  rising  bodies,  B5. 

bydriisiHtIc  preiw.  10S. 

inclined  iitaue,  8S. 

lever-.  OH-fie. 

pressnrv  ot  llqulda,  106, 133. 

pniiey^  7S«i. 

the  screw.  84. 

upeclflc  gravity.  IIB. 

velocity  ot  discharge  of  liquids,  IBA. 

the  wedgi'.  85. 

the  wheel  and  axle.  71. 
Fonntain  and  verlics]  lets  of  water,  19Di. 
Foiutain,  condensed  air.  IM. 

expsniiion.  131. 

Hiero>.  196. 

Intcnnlltciit,  197. 

vacuum.  145, 
Franklin's  kite.  TOO. 

barmonicon.  G63. 

pulse-glass.  Slit. 
Freeafng  by  evaporation,  885. 
Frcesinir  mlxMin.'*,  309. 
Freeilnit  [Htint.  97S. 

filing  it  on  therRiometers.  316. 
Fretting  a  wsrming  process,  806. 
Friction  between  liquids  and  soHds,  168. 

oiPctficllT  ciclted  hv.  WS. 

heat  produced  by.  911. 

In  rivens  1B6. 
PrIcUonal  electricity,  MS. 
Fringes,  dllfraeiloa,  caused  by  Interfetvnce,  81L 
Frost-bearer,  885. 
Fulcnim,  6fL 
Furnace*,  hot-air,  900. 
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FubIoh,  alway*  gradaiJ,  806.  - 
latent  beat  of,  SOS. 
laws  and  beat  of,  804. 
pecnlW  In  fome  •olldi,  80BL 


O. 

OiLAXT,  or  tbe  milky  nay,  018. 
Oallloo's  discoveriet,  son 
Oalvantc  battery,  laS. 
Galvanlim.  TSl. 

discovery  ot.  133. 

Oalvanl'*  explanatloii  of,  718. 

Vi)lia'i>  contact  theory  of,  TM. 
Oalvanometeif  or  multipUen,  TSL 
Oamnt,  COR. 
Gap,  tllamlnatlng.  &44. 

Ignited  by  electricity.  BBS. 
Gaaei  and  vapore,  li9. 

capacity  for  heat,  S88. 

compreMlblUty  of,  1S7. 

compreasloQ  ot,  dlmlDUhea  cspad^  for 
heat,  S3B. 

coDdactlbllliy  of,  for  heat,  MB. 

density  ot,  m 

expaoalon  or,  ISO,  2M. 

ImpeDetrablllty  of,  ISS. 

laws  of  ezpanaion  of,  S3T. 

Harlotte'H  law  of  elastic  force  of.  147. 

mechanical  coDdltions  of,  lil. 

moIecnUr  fbrce  of  repaleion  of,  til,  S$,  88, 
01, 119. 

pennanent,  Incoereible,  190. 

■Impleor  componnd,  VK. 

upeclflc  beat  of,  ass. 

tenxloTi  of,  affected  by  tflinperatnre,8SS-33S. 

tYiey  Iran rm It  pre»inre,  Itl. 
OSB-Jcts.  mnsical  nolea  of,  614. 
Olaw,  biimlnK,  SOI. 

nleht,  483. 

objecI-fcla^B  and  eye-ftlasB,  4S1. 

opera.  4S1. 
Globes,  cetesilal,  938. 

terrestrial,  931. 
Oradnatlim  of  tbermometerfl,  176. 
Gnvlty,  S9. 

all^cted  by  tbe  earth's  rolaUon,  01. 

affected  by  (be  vbapo  of  the  eartb,  SO. 

cause  of  welf^bt,  89. 

ccDtrc  of,  40. 

centre  of,  tn  man.  411. 

centre  of.  In  vehicles,  4B. 

centre  of.  of  the  solar  syitem,  84S. 

direction  of,  6S. 

law  of  Intensity  of,  47. 

tabnlar  statement  of  Ibo  law,  47. 

vanes  wilb  altllnda.  48. 

varies  with  lalilndc,  fiU. 

varies  with  depresBlon  below  level  of  the 
sen,  49. 

spcctflc.  method  of  finding,  110,  116. 
Guiee.  ruin,  339. 
art<l!roii.  pendulum,  60. 
Groves  battery,  788. 
Uulf  stream,  354. 


B. 

Hail,  838. 

Halos.  43H. 

Hand-truck,  a  variety  of  lever,  63, 

Hardening.  33. 

by  namracrln;;,  33. 

by  heating  and  cooling,  38, 
llnrdnuss,  38. 
Ilannonlcon,  UHS, 
Jlamionles,  limit  of,  695. 

most  pli^aslng,  MM. 

the  principal.  BUS. 
Harmony.  SM. 
Jleat,  action  of  on  matter,  101. 


Be«t  and  cold  reltUve  tonw,  IW. 
and  light,  analogy,  888. 
Implied  to  warming    aputmnita    Mnh 

cooanned  In  expajidliig  the  air,  nf. 
atmospheric  electricity,  a  amirce  of,  Ki. 
caoK  of  la  anlmala,  «S. 
CAoaea  which  modlfytbe  reflective, ahMirit- 

enL  and  emlsalon  power  for,  W. 
chanee  of  stUa  in  bodiea  cua«d  by,  SB. 
chenflcal  effecta  of,  109. 
combustion,  a  sonrce  of,  Sll. 
condnctlon  of,  940-aSS. 
convection  ot,  lu  nsea.  9BS. 
convection  of.  In  Snldf,  tU-Mfi. 
definition  of.  19S. 
developed  by  eolldlflcatlon,  906. 
dietrlbntlon  of,  SOS. 
effects  of  on  magnets,  608. 
eqnilibrinm  of,  SOS. 


expanrion  of  eaves  by.  ISB. 
expansion  ot  Tlquldsby,  90. 
expansion  of  mllds  by.  216. 


general  cflTccts  of,  SOS. 

fntenslty  of  In  polar  n>ectram.4S(L 

its  efTectH  on  organic  life.  MS. 

latent,  303. 

light  and  electricity,  8. 

lamlnoQB  and  obscore.  904. 

mecbanlcal  sources  of.  SIS. 

modes  of  cnmmimlcation  of,  iSSL 

nature  of,  901. 

of  chemical  action.  SIO,  Sll,  SH. 

of  compreflslon,  SIS,  986^ 

oflHctlon,  SIS. 

of  nislull.  8M. 

of  percuss  ton,  SIS. 

ofplantF,  Sm 

of  sUiic  electricity.  108, 

ot  voltaic  areh.  151. 

of  voltaic  currents.  751. 

origin  of  terrestrial,  SOS. 

phyi'loloolcal  sourres  of,  SIS. 

poIariEstlon  ot.  303. 

quantity  and  Intensity,  dlfl'i.-renre  between. 
SI  4. 

quantity  emitted  hv  the  snn,  S06. 

radiation  of.  3S4-S89. 

reflection  of.  390-394. 

refraction  uf,  301. 4IB.  490. 

relation  of  to  cold,  IM. 

repellent  force  of.  303. 

sensible,  808.  81S. 

sensible  of  stcom.  815. 

solar  radiation.  305. 

epeclOc.  £11. 

speclflc  aSrccted  by  rhenge  ofrtatfl.  9S& 

specific  of  pmies.  285. 

specific  of  water,  effect  on  climate.  SM. 

standard  of  specific.  233. 

theories  respectlni;.  301. 

transference  of.  303. 

trani>nil»i'ion  of  radiant.  396. 

nnitof.  339. 

aniver-al  radiation  of.  389. 

velocity  of,  509. 
Heat  and  llebi  of  the  planets,  wilb  table.  SS8. 
Heating  buildings  by  hot  air,  SStt. 

by  hot  water.  250. 

by  SI  cam.  357. 
Heavenly  bodies,  different  classes  of,  794. 

distances  between,  798. 

mngnltude  of.  796. 

orbital  motions  of.  799. 

the  number  of,  797.  M9. 

velocity  of.  f»0. 
Helcbt  nieasnriii  by  barometer,  ISS. 
Helix  elertrlcal.  single,  770. 

double.  171. 

niajnietiElne  by.  773. 
Hemisphere.  Invisible,  938, 

vIPilile.  938. 
Hlcro'n  fountain,  196. 
Hlgh-prcssnre  engine,  849. 
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IIi)cli-prt!«*nra  crcutn,  S34. 

Horlxon.  rrlmrun  at>pe«TBiice  of,  4XX 

KDslbIt',  WW. 
Horae-nhoe  nuKtivlB.  filO. 
Hot  air  f  nrnacn,  XU. 
Hot  water  apparatus,  3SS. 
HooMt'ii  tc-li-gri^h,  T7T. 
Homidliy  of  ihe  air,  SU. 
Hnrrlc»neit,KS. 
Ilydrautic  and  hfdro-pnennutlc  macfalnea,  Im- 

portanM  of,  197. 
IlydranUc  run.  173. 
Ilydraallcv,  doBnlttoD  of,  IBl, 
Hydro-dvaaniicD,  191. 
Hjdro-fllectiic  mchlDe,  BS. 
Hfdrogeu,  denrtlj  ot,  S99. 
Ufdrometere,  IIH. 
Uydroeuttc  bellowF,  111. 

paradox,  107. 

praM,  example  and  IbrmalK,  109. 

pnwrare  Id  nionntalDD,  llS. 
Hjdroftatlc*.  87. 
Hygrometer  or  moiHtare-bearer,  MS. 


I. 

IcB,  beneflcial  i-ffects  of  beine  lighter  tban  water, 
aw. 

ItKhlliicKitF  with,  706. 

why  It  dues  not  acquire  great  thJchnesB, 
307. 

why  Itgbter  than  water,  3tl. 
Illnmlnaiiun  of  r^lways,  3M. 
illumination,  be* t  materialii  for,  344. 

«ufflcit3)cy  of,  4S1 
Image*  formed  oy  concave  lenaef,  418. 

by  concave  reflector*,  387. 

by  concave  rellectorB,  when  the  object  ii 
beyond  the  centre  of  curvature,  8BS. 

bj  convex  lenses,  when  the  object  is  twice 
the  focal  dletsnce,  413. 

by  convex  lenHii,  when  the  ol>Ject  is  at 
ptort  or  ItM  tlian  twice  the  focal  dis- 
tance. 414.  41S. 

by  convex  rcfleclora.  3SI,  385. 

by  plane  reflt'Cton',  TI5. 
Imafce*.  Invention  of  in  the  eye,  449. 

multiplicity  of.  87S. 

rise  of  on  the  retina,  4S7. 

virtnal.  S75. 
ImpeniftrablllTy,  10. 

iifu'aiieii,  186. 
Impondi- rabies,  8. 
lucldeuce.  angle  ot,  SI. 

iDciinallonoforbltsofpUuietsto  plane  of  ecllpUc, 
84». 

table  of.  849. 
Loclinatlou  ol  moon's  orbit  to  plnne  of  ecliptic, 

BBS. 
Inclination,  polar,  of  Iho  pUnela.  H78. 
Inclined  plane,  8S. 

<^onditlons  ofuiinlllhriiim,  rtS. 

example  and  formula,  t«L 

Its  combination  with  the  other  mechanical 
power*,  66. 

czampio  and  lormulK,  SB. 

the  rcrcw,  a  niMi  ill  cation  of,  84. 

nample  and  formulie.  Si 

thu  wcdyi-.  a  modlflcatioD  of,  SCt. 

fbnnutv.  9&. 
Indei'tmcliliillty.  17. 
Index  of  refi  action.  S91. 
Induced  nimiiiin.  784. 

different  order*  of,  TB5. 

proiMTtlcs  of.  7«L 
Indnctfun.  elertro.dynamic.77fl. 

explaiiailiiiL  of,  cluftrlcal,  070. 

niagnetlc,  ltlu*trmti-d  by  a  aerlet  at  lings. 
617. 

magnetic,  without  ronUet,  610. 

of  electricity,  IW-e71. 


Indnctlon  of  magnetlfm,  fllS-MO. 

Indoctlve  power  of  the  earth's  magnetiHii,  8M. 

Inertia,  16. 

InflucDCa  of  the  earth's  figure  on  sraTlty,  sa 

of  the  earth  on  Its  waters ,  BISl 

relative  of  van  and  moon  on  the  tides,  StS. 
InHnenee  of  the  sun,  811. 

npcm  Udea,  910. 
Inanbtion  and  InMilators,  (09. 
InanlatiDg  atool,  SM. 
InteasItT,  conditions  of,  of  lIAt,  EKT. 

In  dectridty.  VOl,  78S. 

of  (brca,  M. 

of  Rimvlty,  47, 

of  light  at  dlffbrent  dlatances.  ESS,  Gtll 

of  light.  Increases  with  angle  of  iucideoce, 
874,537. 

Of  light,  reflected,  374. 

of  lomlnons.  calorlflc,  and  chemical  nn. 
490. 

of  many  couplei>,  738. 

of  radiant  beat,  S86. 

of  sound,  555. 

of  sound,  cause*  which  modUlr,  6BS. 

ol  Bonnd  in  mbc*,  807. 
Intortbreiicc  color*,  B07. 
Interfsrence  of  light,  SCO. 

demonsIratTun  of,  505. 

fnngcB  cauiwd  by,  511. 

law*  of,  50(1. 

non-interference,  S04. 

of  sound.  564. 

of  sound  wave*,  SfiS. 

ot  waveH  of  liquid  In  n&  elllpae,  S06. 
Intermittent  fouut^n,  I9T. 

*pring#,  90.  189. 
Intersection  of  the  ecliptic  and  eqalnoctUl,  877. 
Intersiiced  between  atom*  and  molecolea,  VL 
trlB.  441. 

Iron,  how  made  magnetic,  601. 
Iron  ships,  the  Qroat  Eastern,  118. 
IrradlaUon,  WS. 


J. 

Jar,  Leyden.  693. 
Jet*  of  water,  IM. 
Jupiter.  B36. 
Jupiter's  belts,  83S. 

length  of  days  and  nights,  878. 

seasons.  878. 

Jupiter's  i-atellite*  or  moon*.  8^. 

ecllpsee  of,  HIO, 

dlmensloiii'.  distances,  and  periodic  time* 
Of,  887. 


R. 

KALXiDoacopR.  itn. 
Keeper  ot  a  magnut,  fltO. 
Kepler's  dlscovmos  and  laws,  8H. 


LAHTBitK.  maetc,  ili. 
Latent  alcctrlclty,  690. 
Latent  heat.  903. 

and  seuBlble,  of  steam,  3I!L 

or  evaporation,  SIS. 

of  fusion,  ana. 

of  steam,  St4. 

ot  water  gradtwtes  change*  of  tempers 
turc,  SOH. 
Latatal  pressure  of  fluids,  to  what  proportioned. 
101. 

lolal  of.  on  walls  of  a  vessel,  lOS. 
Latitude  found  by  thv  north  *tar,  8BB. 

celealial  and  terrestrial,  S89. 

circled  ot  celential,  938. 
Laws  of  coollDg  by  ndlktloa.  188. 
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Lawiof  dlBtribntloii  of  tttncUon  Id  mtgnet*, 

eoB,wn. 

detcmilnim'  Lhe  force  of  voiulc  cmrcDts, 
143. 

electrical  attraclion  and  repalslon,  607. 

electrical  indue ttou,  669. 

evaporation,  333. 

expaoRlon  of  ^aMfl,  S2T. 

DUllng  and  rieioc  Itodiea,  5fi. 

Intenalty  of  Kravlty.  47. 

Intensity  of  llghl.  937,  OH. 

Intensity  of  radiation  of  beat,  386. 

interTerL-ncc  of  lltjht.  GU6. 

Kepler.  HM. 

Ilqnefactlos  and  Boltdlficatlon,  IKM. 

magnetic  attraction  and  repulsion,  636. 

osciUatlun  at  pendnlume,  61. 

projcctllct,  6i. 

njflectlnn  of  heat,  SS)1. 

reflucllDQ  of  li);ht,  368. 

reflected  motion,  6T. 

refraction  of  li^t.  39G. 

rerraction  of  eoand,  063. 

tile  vibration  of  cords,  S73. 
Length  of  iumiiions  wavua  SUB,  fiOO. 
Len>»:)>  nod  prlams.  405. 

aiialo;;oaB  effcctB  of.  411. 
Lenae*,  aberrutloa  of,  iVi. 

achromatic  combination  of,  488. 

conjugate  foe!  of.  409, 410. 

convergent  and  divergent.  405. 

dollDtllanti  relntlng  tu,  408. 

varietleH  of.  iOi. 
Len»e»  concave,  417. 

effectK  of,  on  ravB  of  light,  417. 

ImageN  formed  by,  41B. 

convex,  action  of  on  light,  406. 

Imager  formed  by,  41M15. 

magnifying  power  of,  476. 

optical  centre  of,  408. 

plano-convex.  41t. 

r<pherjca1,  effect  of  on  a  ray  of  light,  407. 
Level,  water.  96. 

cpiril.  RT. 
Lever,  cimditionti  of  equilibrium  of,  66. 

dellnltlnn  of.  66. 

of  Ihit  flrift  cltiBB.  66. 

example  and  formulie.  66. 

ut  tbu  Hecoiid  class,  67. 

uxample.  67. 

of  tbe  third  clBBB,  68. 

example.  68. 

llluflrated  by  limbs  of  animale,  70. 

compound,  fa's. 

example  and  rormnlee,  69. 
Leyden  jar,  rm. 

cbareing  of.  6il3. 

dlBcharei^  of.  eiKL 

dlerupttve  dlKharce  of,  694. 

electricity  of  resides  ou  the  glaBS,  699. 

llmitof  cliarge  ol.  014. 

slow  dlscharjiL'  of.  TS). 
Llbratlon  of  the  moon,  8M. 
Light,  abrorptioD  of.  361,  364. 

action  of  tourmaline  on,  B14. 

and  heat,  analogy  of.  358. 

and  heat  by  chemical  action,  910, 311,344. 

artiflclal.  357. 

cauiie  of  refraction  of,  396. 

cause  of  waves  of,  51U. 

changed  by  polarization,  613-6S0. 

colore  of,  419. 

color  of  dependent  on  length  of  waTM, 
503. 

definition  of.  355. 

dispersion  of,  364, 

direction  of  vibrations  of,  BOO. 

doable  reflection  of  by  mirrors,  398. 

double  refhKtlon  of.  S19. 

electrielly  a  source  of.  357, 

emitted  from  every  point  of  vlalble  bodies, 
8«S. 

heat  and  eleGtricity  are  foicea  In  nature,  9. 


Light  In  a  bomogeneous  meditun,  S80L 
inflneDced  by  nugnetlBm,  748. 
Interlterence  colors  of,  SOT. 
Intensity  of  at  diSerent  dlatancea.  SSB. 
inteiudtr  of    dependent  npiKi  conditloH, 

Interference  and  non-iiit«rfDrenc«  oC,  SOB- 
006. 

internal  reflection  of,  flQS. 

lawa  of  refraction  of,  890. 

length  of  vibration*  or  wave*  of,  BOO. 

moves  In  straight  Unea,  988. 

nature  of.  356. 

parallel  rays  of,  bow  affected  by  a  drop  of 
water,  435. 

pencils  of  paaalng  through  plane  gUas,an. 

poUrizatlon  of,  SIS-SBI. 

propertiee  of,  364. 

rays,  pencils,  and  beams  of.  963. 

reflection  of,  370-393. 

reflection  of.  total.  399. 

recompoeltloD  of  In  several  wars,  4SL 

refraction  of,  by  dense  media.  *H. 

refracted  by  parallel  strata,  .397. 

refraction  by  prisms.  406.  419, 

relation  of  dliferenl  bodies  to,  359. 

aensaiions  of.  excited  by  other  cauaee,  -173 

Bource*  of,  357. 

theories  of.  866.  499. 

velocity  of,  r>38. 

waves  of.  49&-0I0. 

white,  composition  of,  4-11. 
Light  and  heat  of  planets,  with  table,  StS. 
Llght-houtes,  416. 

revolving,  416. 
Lightning,  Til. 

clMses  of,  715. 

Franklin  B  experiment  with,  709. 

identity  of  ana  elcctricitv,  709. 

liabilllyof  being  struck  by,  718. 

means  of  ?afety  th)m,  718. 

return  shock  of,  "17. 
I  velocity  of.  716. 

I  Lightning  rods.  718. 

how  to  ri'iider  them  effective,  tis. 
Umbs  of  HnimnlF>  U'vers  of  the  tblrd  cla»»,  70. 
Limits  of  elaslicity,  M. 

at  perceptible  Bounds,  GOO. 
Llneareipanslun,  315. 

co-elllclcnt  of.  316. 

laws  of.  315. 
Liquefaction  and  sol  id  I  faction,  804. 

alwBvs  gradual,  306. 

Iaw»«f,  304. 
Liquids,  ascent  of,  tn  capillary  tiibe»,  38. 

cohCBion  in.  90. 

compressibility  of.  Hfl. 

convection  of  heat  In,  35,^355. 

direction  of  presnuri-of.  93, 

downward  prcfsyreof.  10]. 

CQuiilbrlum  of  in  commuti  lea  tine   vit^eli 
94. 

equilibrium  of  different  densities  in  con 
municatini:  vessels,  I9i. 

expansion  of.  230-334. 

flow  of  obstructed  by  sharp  anclei-.  190. 

friction  between  and  solidK,  i5:j,  156. 

bent  in,  not  equalized  by  condnctlon.  447. 

lateral  pre!>nire  of,  diminlshGd  by  tnfitior 
ItM 

mobility  of,  8a 

mobility,  cause  of,  88. 

non-condnctlbillty  of,    Shown    by   experl 
ment,  348. 

of  unequal  deusillcs  seek  different  level 
In  containing  vessels.  117. 

ptactical  use  of  iransmltting  pressure  bv 

loa 

presBure  of.  not  In  proportion  to  quantilv 

hut  helchl.  98. 
pressure  of.  In  proportion  to  helithc  am 

base.  103. 
pressure  of,  on  sides  of  vesacls,  1M. 
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Uqnld*,  prewnra.  toul,  on  »USm  of  TOHeli,  106. 

premiiro,  total,  on  elde*  mai  bottom  ot 
vesMle.  106. 

ipheroldal  Ftate  of,  S81. 

^eciBc  gravity  of,  115.  116. 

tvodeuc y  ot  to  eeek  a  level,  abown  by  aqne- 
dact*.  m. 

tnuiEmlt  preeturc  equally  In  all  direction*, 
BS. 

npward  prcwtiru  of.  equal  to  dowoward 
pnware,  100. 

vary  tu  flutdlty.  8a 

velocltTordlecliarMof,  ISG. 

voUtlle  and  llxed.  81S. 
Lodettone.  SdO. 

mafOfltlc  manireiitatlonB  at,  flOO. 

method  of  making  maf^ete  wltli,  901 

north  and  south  pule*  of,  000. 
Longitude  In  the  beavenii.  8TS. 

aDi>le  or,  938. 

ci^fcHlial,  «)& 
Long-Bt|;h[i.-diieim.  496. 

csiiBcd  by  driectlve  fonn  ot  eye-ball,  459. 

or  old  people,  44)0. 
Looming.  408. 
Low-preHtnru  steam-engine,  3M. 

illnsintlon  ot  the  principle  or,  SS3,  S38. 


H. 

Macbike,  motor,  power,  and  weight,  (Ml. 
Machines,  electric,  H7K-t»<3. 

tor  etevalliig  wali-r,  IB4-1SB. 

Importance  ot  bydraalic  and  hydro-pnea- 
matic.  107. 
Ma<>ic  lantern,  4Tt4. 

JIagnetIc  atlnction  not  ioterrepted. B3I. 
Mugiietlc  utlrsctkm  imd  rvpnIsluD,  OtS. 

■t  differpiic  dlftaiiCL-s.  flOT. 

(Il»1ribulli>n  of,  HIM. 

iBWi  of.  RSe. 
Hagneiic  curves.  flSS-^iSO. 

batterieis  610. 

dip  of  iieedl<^  MO. 

elOTtriclty.  rei. 

llnlds,  6^. 

Induction,  8III-6M. 

Intensity  varies.  ttiS. 

manlfeftatluns  oflodeatone,  599,600. 

meridian.  BSn 

needle.  885. 

polarlly,  000. 
Kaguetlc  and  maeiiellzed  bodies,  615. 
Magnet  lira  by  contact.  016. 

by  induction.  Hio. 

coercillve  forrc  of,  697. 

deflultlun  of,  596. 

Inductive  power  of  the  earth'*,  »M6. 

relation  l>etwucn  und  ciectrirlty.  "iW. 

terrestrial,  KW. 

tcmatrlal,  tllaatreted  by  actltm  ofmagaelB, 
641. 

tvro-Biild  theory  of,  BSB. 

nllllzalinn  of.  047. 
HagnutlalnK.  by  the  helix  and  electrical  current, 
TB. 

method  of  by  Ix'nt  liars,  fllS. 

method  of  by  Ktrai^ht  Iwrs,  018. 
Magnelo-electrte  machines,  TBS. 
Vagneto-ttlectrk-ily,  7t)l. 
Magnets,  armatures  of,  liOl. 

artJadal,  iiU8. 

bar.  000. 

both  poles  of  must  co-axlst,  014 

compound,  MOO. 

compound  horsv-shoe,  610, 

deprived  of  powr  hy  heat,  608. 

directive  fiircn  of,  6a«. 

dln^ciivetorcu  of,  olmply  rotates  the  needle, 
630, 

dlMribuiion  of  force  In.  006. 

do  not  part  with  thdr  own  power,  631. 


magnets,  electro,  Tli. 

forcE  oraltracilonaf,atdffVBraotdlstaDC«t, 

ftilly  mounted  lodestone,  001. 

law  of  distribution  of  attraction  In,  606. 

method  of  charging,  611-613. 

method  ot  charging  borve-shoe,  61S. 

method  of  making  artUdal,  SH. 

natural,  699, 

preservation  of,  681. 

unlike  H>leB  Of  neutrallae  each  other,  632, 

HagnityiDg  glasses,  476-479. 
Magnifying  power  of  lenses,  4T6. 
Magnitude  or  extension,  9, 

absolute  of  planets,  with  table,  818. 

ofbeavenly  bodteii,  796. 

relative  of  planets,  with  table.  819. 
Halleablllty,  9B. 
Mariner's  compass.  644. 

discovery  of,  644. 

varialluns  of,  corrected  by  table,  644. 
Mariner's  sexunt,  380. 
Hatter.  I. 

accessory  properties  of,  11^18. 

changes  In.  chemical  or  physical,  9. 

different  kindx  of.  1. 

essential  properties  of,  9.  10. 

properties  of,  general  or  spcclflc,  0. 

spaces  between  slums  of,  5. 86. 

the  three  state*  of,  S8. 

ultlniBle  couriltDtloii  of,  4. 
Mechanical  condltUins  of  gases,  131, 
Mechanical  powers,  fl6-N6. 
Medlnm,  lumlnlfl-rous,  360. 
Mediums  of  sound,  5SS. 
Melody,  59S. 
Melting  a  cooling  process,  806. 

and  freezing,  Xi. 

alwBvs  (.ladiial.  300. 

peculiarities  of  in  some  aolldf,  300. 
Mercnrial  Iherraomeler,  873. 

limits  of.  28U. 
Mercnry,  deprcpston  of,  in  tulws,  3S. 
Mercury,  oscillations  ot.  (BS. 
Mercunr.  transits  ot,  1:80. 

list  ot,  for  the  present  centniy,  881. 
Meridian,  magnetic.  087. 

true,  087. 
Metals  conduct  electricity,  34S. 

coodnct  heat,  343. 
Microscopes,  476. 

compound,  477. 

object  glasses  of,  417. 

power  of.  478,  477. 

simple,  470. 

solar.  479. 
Microscopic  views.  479. 
Milky  way,  an  annular  nebula,  948. 
Mirage,  4oi 
Miners  end  specula.  WML 

concave,  convex,  and  plane,  87S. 

concave  reverso  of  convex.  38H. 

ConJu;:nte  foci,  pruperllea  nf.  88B. 

convex    spherical.   Illustrated    by    plane, 
381. 

deception  practiced  by,  37R, 

toci  ot  coucave,  tor  parallel  and  convencent 
rays,  888. 

foci  of  concave,  for  divergent  rays,  8SQ. 

forms  ot.  S07. 

objects  reflected  doable  the  sUo  of,  STH. 

pambolold,  SUS. 

spherical  aberration  of,  801. 
MobllUj,  IB. 

of  eases,  131. 

nf  llqnlds,  88. 
Molecules,  6. 

spaces  be! ween,  6,  85. 
Momentum,  SI,  M. 

Moon,  as  seen  from  the  poles  and  eoDator  Of 
thu  earth,  884. 

daric  and  light  spots  of,  864. 
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Moou,  fccontiiclty  at  her  orhlt,  854. 
her  Actual  psih,  990. 

hKr  libntion  in  loui^tQde  and  Utitade.  8U. 
ber  llgbt  compared  with  the  anu's,  801. 
her  motion  never  retrograde,  8GB. 
her  orbtt  slwayi  concave  toward  the  eun, 

890. 
her  path  around  the  eon,  65S. 
her  phaaos,  SSL 
IncIInatton  of  her  orbit  to  plane  of  ecliptic, 

869. 
Importance  of  the  pfaavea  and  motions  of, 

861 
moduli  of,  Bie. 
rotation  ol.  un  tte  oxlii,  8&T. 
«1deri.'al  and  aynodlc  revolution  of,  SBtt. 

»lBe  of  8M. 

view  of  ib«  earth  ftom,  861. 

weight  of,  804. 

why  her  dark  aide  la  vIhIUc  near  conjunc- 
tion. 803. 

when  it  ie  Mie  a,aA/till,  85B. 

why  It  rUcs  later  every  day,  86*. 
HoralD);  and  evi:n1itj' atar,  Venne,  8S1. 
Hon'e'i)  Iclearaph,  7TI. 
Motion  and  force,  M. 
Motion,  abaolule  and  relative,  15. 

accelerated,  retarded,  and  uniform,  M. 
•        centre  of,  of  the  aolar  ejFtcm.  BK, 

componnd  of  the  aatellftea,  SJB. 

ciirvlllncar,  849. 

direct,  *tationary,and  retrograde  of  planeta, 
8S1. 

of  projectile*,  HS. 

of  IheMsTf,  940. 

of  the  waters  of  the  earth,  91S. 

reflected.  M. 

roHnltant,  S6. 

varieties  of.  64. 
Holioiii'  Dfthe  primary  planeta,  811^^17. 

of  the  H!coD(lary  plaiiebt,  830-830. 

of  thu  HUU,  814. 
Molorf.  (Hi. 
Musical  i>ch1c.  51H. 

funnaliuii  iif.  SOT. 
Muflcal  Huuixli!.  difference  between  and  noltea, 

&8& 

qualltlca  of,  fiW. 


N. 

NATiitAi.  Pbilohopbt,  dlMtliictlon  between  and 

chemlHlry.  6, 
Neap  and  tpriiii,'  lldet<.  saS-SS. 
Near-sightediiosii,  45M. 

cauved  by  defective  form  of  eye-ball,  4W, 
Nebolu;.  91l>. 

clasifi"  of,  B47. 
Needle,  hkIbIii:,  t&t. 

declination  of,  638. 

dlpphiE.  MS. 

dliirnarand  other  vailationa  of,  639. 

Inclination,  or  dip  of,  640. 

magnflic,  683. 

inariiicr'i>,  644. 

poilrloii  of  dipping.  In  different  parte  of 
the  cHTth.  MJT 
Neplnne's  einl<rllllei>,  830. 
Ni-ulr«l  equilibrium,  40,  43. 
Nentmlizallon  lit  inagnelic  polei,  OXL 

iihown  by  V-magrielK.  GiS. 
Newton'H  dli^iiviTv,  flOB. 
Niitlii-alai"'.  4«i 
Nitric  acid  balU'rj-,  TW. 
NUroi^^n.  density  of.  33!). 
Nudal  HjinrcH  and  linL-a.  680. 

huiv  deliiii-atcd.  Gin. 
Nodal  ijolnl:'.  576. 

Ilni^f  cif  platef.  ST8, 
Node.  879. 

rrlroKiade  tooliou  of  Ihe  mooo'e,  B06. 
NolM',  088 


NotM,  tnoilcal,  ahcolnte  nnmber  of  TflxBttaH 

coneaponding  to  each,  OK. 
Notation  of  the  eortli'a  axle,  MB. 
Nnt-craekar  an  example  ofleven,  OBl 


O. 

OnncT-autMBa  for  the  mlcraacope,  AT. 

for  teleacopee,  488. 
Obliqaltr  of  the  ecllpUc,  848. 
Occuiutlon  of  the  atan,  90ft. 
Ocean,  currenU  in.  SM. 
Octave  In  mnalc.  BBS. 
Opaqne  bodlu»,  300. 
Opera.£laa»eB.  481. 

OppoadioQ  and  canjDOction  of  planets,  BBOl 
Optic  angle,  447. 
Optical  BXl»,  416. 
Optical  centre  of  a  icnr,  406. 
OpUcal  InBtrumentv.  474-498. 

camera  obecnra,  489,  48S,  481. 

camera  luclda,485. 

magic  lantern,  478. 

mlcrofcope,  componnd,  4TT. 

microscope .  simple,  470. 

microscope,  aolar,  479. 

nlght-glaeHei>,  483. 

opera-glasaee.  481. 

apectaclcs,  413. 

atereomonoBcopo,  496. 

etereoacope,  496, 497, 

teleecopue,  488-494. 

teleftercoiwope.  490. 

variety  aod  principal  dbm  of,  474. 
Optical  toyt,  471. 
Optica,  duflnlUon.  300. 
Orbit  of  tliH  moou  always  concave  toward  the 

snn,  800. 
Orbital  motions  of  heavenly  bodies,  790. 
Orbits  of  conietH.  839. 
Orbltfi  of  heavenly  bodies,  elliptical,  837. 

aphelion  anil  perlliclion  of,  839. 

cccenirlcity  oT,  with  tible,  838. 

plane  of,  846. 

radluH  vector  of,  840. 
Organic  electricity.  789-7BI. 
Oruanii  of  voice  a  reed  Invtrument,  S87. 
Orlflces,  sliapo  of,  163, 
Ovcillallone  of  pendulums,  60,  61. 

lawii  of,  61. 
QBclllalloni<  of  the  planet  Mercury,  883. 
Overshot  wheel,  109. 
Oxygen,  density  of.  StS. 


P. 

Pababolic  curve,  893. 

mirror*  and  re  lice  tors,  809. 
Paradox,  hydronlallc,  VtJ. 
Parallax  of  the  heavenly  bodies.  68&-688. 

annual  of  the  r'tun,  886. 

diurnal,  t«0. 

effect  oi  ou  bodies,  887. 

Importance  of  the  prlnciple»  of,  888 
Paralleliwrain  of  forces,  58. 
Pencils  oT  ll^ht.  303. 

oblique.  3RD. 
Pendulum.  conipenMtlnir,  60. 

eleclricBl.  6S3. 

lawB  of  osclUalioD  of.  61. 

aclcntlflc  uaes  of,  61. 
Penumbra,  BM. 

Percnspion  a  source  of  heat,  313. 
Perihelion.  839. 

Periodic  time  of  heavenly  bodies,  81S- 
Perpelual  rFVololion.  63. 
Pha«eH  of  nndulallone  of  llghl   908-006. 

of  sound,  imsiA 

of  Ihe  moon.  863. 
PhlloKiDhy  of  ecllpw*.  89+-S11. 

Of  seaaona,  807-^1. 
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PfatloHphy  of  tides,  giS-VKS. 

of  Uanelt*.  ms-«81. 
FtwapboreKence,  SSI. 
Photop«phr,  48T. 
Photometer*,  SM. 

Bnnaeii'*,  Ktehle'i,  Ramfbrd's,  SUUiobii's, 

eas. 

Phjrlnl  aetroDomy,  T08. 

Fhralol  propertiea  of  wlDdA,  W. 

FhyBlc*,  or  Nstml  PUkMophT,  B. 

Pfajflcs,  or  Natural  Phlloaopoy  and  chemlatiT, 
dlitfnctloQ  betwMD.  B. 

Fbyilolocical  vflbctn  of  statical  or  frictlonal  elec- 
tricity, 706. 
of  dyDamlcBl  or  voltaic  electricity,  1E6. 

Pipes,  raplditv  ot  water  diKbarged  AtMn,  IDS. 

•onnd  from,  S6S. 
wtlh  flxed  month-pieces,  SM. 
Plane  glow,  refraction  by,  807, 816. 
Plane  of  meridian.  SB8. 

of  the  ecliptic,  Incllnatloa   of  orUti  to, 

»U. 
of  the  eqaloocUal.  M7. 
Planes,  Incllni-d,  t)3-SS. 

of  orbit*,  846. 
PlauetH.  Htn. 

approiimale  relative  distances  of,  800. 

dlSbreuce   between  equatorial  and  pcdar 
diameij-rs  a\,  gSO. 

direct,  gtatiuuarr,  and  letroirade,  motion 
of,  B91. 

eiierlor  and  Interior,  807. 

flmre  or  fcHin  of,  SSa 

greatest  docllnatlon  of,  87B. 

opposlUon  and  conluDCllon  o^  8BD. 

polar  Incllnailcin  or,  878. 

prlnury,  807,  815. 

rerative  nUKnitDde  of,  808. 

represeDtatloD  of  the  niotfoaa  of,  810. 

•cciindary,  815-880. 

teleKCoplc  view*  of,  BS6. 

why  thty  do  not  Ml  to  the  sun,  H4. 

width  or  £ones  of,  678. 

(see  primary  planets). 
Plants  consume  carbonic  add  and  snoply  oxy- 
gen. 184. 

electricity  of,  791. 
Plate  electrical  machine,  6T8. 
Plate*,  vibration  of,  ST7. 
PllaMitly.  81. 
Plnmb-llne,  58. 
Pneomatlcs,  deflnltlous,  119. 
Polar  Inclination  and  seasons  of  different  planets, 

with  lable,  878. 
Polarity  of  magnets,  600,  «14,  619.  6W.  888. 
PoUrity  of  the  pllf,  7S9. 

Ersiud's  dlscoveiT  of,  TOO. 
Ptdarixatton  aud  Irauvfer  of  elements,  7B6. 
Polari  scope,  515. 
Polarlxallon  of  light.  SlS-CSl. 

by  reflection,  515. 

by  refraction.  SIB. 

by  doable  refractlou,  SN. 

by  trans  nit  Bi-iun,  518. 

partial.  5ia 

plane.  516. 

tiserul  nppllcattons  of,  BSl. 
Poles,  celestial,  93H. 

In  piiy^icv,  511. 

of  magncli',  600. 

amini^cmcnl  ot  In  star-shaped  bodies,  618. 

both  must  co^eslst  In  every  magnet.  S14. 

two  sets  of,  HIS. 

nnlike  iicutralliB  each  otber.  619. 

of   tbe  earth,  when  the  snn  sblnes  upon 
them,  988. 

of  the  ecliptic,  847. 
Polyrama,  480. 
Porosity.  14. 

PoroH.  physical  and  Foosible,  14. 
Positive  and  iieniUvc  In  electricttj,  flSS. 

Id  magnetlem,  606. 


Power.  86. 

irf  points,  electrical,  888. 

or  stcwn,  am,  an,  ss4. 8«,  ssl 

relation  of  to  wsight,  08. 
Press,  hydHwUtlc,  lOV. 
Preasare.  atmospheric,  IM. 

action  of  barometsn  dependent  on,  184. 
action  of  auction  pumps depoiden ton,  lai, 

lis.  174. 
amount  uf  on  the  tinman  body,  ISB. 
animal  respiration  dqieudent  ini,  146. 
equal  in  all  dtractiona,  ISOi 
IlInstTated  In  a  vacanm,  lU. 
It  varies  with  aiiUnde.  181. 
shown  by  cnrrent*  of  air.  148. 
shown  by  hollow  hemlfpherea,  ISO. 
shown  by  Inverted  tambler  of  water,  14S. 
shown  by  tubes  and  water,  144. 
shown  hy  vacuum  fonnisln,  145. 
BQstalns    dlflbrent     llqnlds    at    different 

belght^  138. 
varied  on  llqalds  varies  the  boiling  point, 

818. 
varies  at  the  same  place,  ISB. 
Pressure  of  llqnlds.  91 

bunting  a  cask  hy,  110. 

downward  of,  101. 

downward    of   Independent   of  shape    of 

vessel.  101. 
equal  In  all  directions,  91. 
not  In  proportion  to  quantity,  bnt  height, 

on  walls  of  vessels,  104. 

on  walls  of  vessels,  total.  105. 

on  walls  aud  bottom  of  vessels,  total.  106. 

transmitted  equally  in  all  directions,  99. 

upward  equal  to  downward,  100. 

Qse  of.  transmitted,  108, 108. 
Primary  colon-,  419. 

planets.  815. 

absolute  masnilnde  of,  with  tablo.  818. 

attraction  of,  with  table,  BXt. 

density  of.  with  table,  891. 

distance  of,  from  6nn.  with  Ubie,  SIO. 

dlarnal  revolution  of.  with  table,  817. 

light  and  brat  of.  wtth  table.  WO. 

periodic  revoluUoa  of,  with  table,  616. 

relative  mazDiCude  of.  with  table.  619. 

telescopic  views  or,  886. 

velocity  or,  with  Uble.  816. 
Printing  telegraph,  777, 
Prisms.  406. 

refraction  by.  408,  411 
Projectiles,  falline  of,  64. 

(Crealcst  horizontal  range  of,  63. 

motion  of,  09. 

thrown  from  horizontal  guns,  84. 
Proof  plane,  664. 
Properties,  characteristic,  of  solids,  18-84. 

of  fluids  and  gases,  87. 

ot  gases,  119-188. 

Of  light,  884. 

of  liquid',  99-116. 

of  the  solar  spectra  m.  410. 

of  matter,  essential.  9.  10. 

lljeDeral  or  specillc.  6. 

physical  and  chemical,  7. 

secondary.  U-18. 
Ptolemy'ii  system  of  astronomy,  608. 
Pulleys,  compound,  79. 

example  and  rormnlR.  79. 

compound,  with  one  movable  pulley,  80, 

example  and  formube.  80. 

movable  and  immovable.  77, 

example  and  formnlie,  77. 

simple  Used,  7S. 

simple  movablu,  with  formulte,  76. 

system  of,  with  more  than  one  cord,  78. 

example  and  fonnulK.  76. 

system  of.  with  more  than  one  rope  and 
three  cords  to  each  pulley,  81. 

example  and  formalK,  61. 

the  barton,  81. 
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Pnllcy*.  cxaiTiple  and  tbrmiiln,  81. 
Palic-glasu.  Franklln%  S19. 
Pampi.  coiiCriniBml,  IW. 

cbaln.  168. 

T-ceDtrifnMl.  ITO. 
Panipf .  niUry,  aonblo  cog-wb«el,  Vfl. 

doablo  cvllader,  ITS. 

BlnglD  cylinder,  1T6. 

■uctlon  bdlowg,  178. 

dUpbra^^m.  ITS. 

doable -BcilDf;  farce,  ISS. 

donble-sctlDK,  with  two  valvm,  18B. 

force,  183. 

plDDScr  force,  180. 

principle  of,  ITS. 

proof  ot  fttmospboric  prawnre  In,  \1\. 

■Ingle  Hcllne.  1H4. 

ifnglc  cylinder,  181. 

stomach,  18T. 
PjrromeUra,  380. 


QttAUTT  of  moBlcat  aonndB,  G8S. 
uuttiitlty  ftud  iDtcntlir  of  electrlcltfiD  mAChinea, 
eao. 

QasDtllyaiid  InteDsltyof   eloclrlcity,  dlfTercnce 

between,  TfUl. 
QuAntttj  Increase*  with  snrfkcc,  Intenflty  with 

the  nnmber  of  pa1r«,  T33. 
Quantity   of    elccirkity    required    to    produce 

chomical  action  etionnoDii.  TSl. 
Qoantltj  ftnd  intensity  ot    heat,  difference  be- 

tweoD,  914. 


a 

Radiant  beat,  3R4. 

iDtunsIcy  of,  SH6. 

miuiial  (.■ichaiice  of,  between  bodies,  IW. 

parlially  abnoriied  by  medium.  S87. 

tmnsmlB'-itm  of,  896. 
Rtdlntlil^-  poiver  for  heat,  396. 
Radiation  of  iieat.  SSI. 

cooling  by.  S8S. 

in  vac  LI  I),  388. 

Holar.  VIC. 

lelTBStrlal.  SOS. 
RadloH  vuctor,  840. 

pasMH  over  equal  areas  In  eqoal  limes,  841. 
Bailway  tliamlnatloii,  393. 
Sain,  SW. 

annual  depth  of,  Sll 

dayHof,  Sll. 

diniribation  of,  340. 

drops  of,  their  effects  on  parallel  rays  of 
lleht.  4.15. 

gauite,  3J». 

wb'^re  most  abundant,  840-S43 
Balnbow,  explained  by  cflectt  of  a  drop  of  water 
on  parallel  rays  of  IlKht,  43S. 

bow  we  tec  tbe  colon  of,  from  one  pocitlon, 

va. 

Sriinary  atiU  rccondary,  4S3. 
he  a.K\t  of.  4M. 

width  of  tile  arcb,  4S4. 

width  of  thi!  primary  bow,  484. 

widrh  of  the  secoDdary  bow,  4.14. 

width  of  the  apace  between  the  bows,  484. 
Ram,  hydraulic,  172. 
Ranin>  of  the  human  voice,  590. 
Says  of  ll),'hl.  363. 

bciw  affected  by  drnpr  of  water,  48B. 

vlHnal,  nearly  paralU'l,  456. 
Reaction  and  action  equal, ftV 

of  e^caplnj;  eleclrictty.  697. 

of  0''CAp!n|;  liquid?,  163. 
RecompoiLlUim  of  white  llv'ht,  431. 
Reed  pipe*.  5rt5. 

ini'tnimt'nt)'.  G8S. 
Rceda,  arranfrement  of  In  plpe«,  6W. 


SeflecttDE  telescopes,  «l-«4. 

SeflMtion  of  beat  from  oi>aG«T«  mtmm,  ttt 

iacldent  h«*t  abvoriMd  and  reAMted,  Ml 

laws  which  goreni,  »1 . 

reflective  power  of  dllferent  sabMtaMsiL 
398. 
Reflection  of  ii|[}it  at  cnrved  tnrfM«a,  881. 

by  cohtss  ppherical  mtrnira,  SHL 

double,  ta  minww.  808. 

Of  light  at  pbuie  soiftcee.  mu 

of  conTerKlng  raji,  8T1. 

of  dlverriiig  njs,  87(L 

of  parallel  nyt,  811 


polarisation  hy,  615. 
of  sound,  544^^1. 


Reflective  power  for  heat.  detennlantiaD  ol^  Ml 

canses  modUying,  397. 
Reflectors,  305. 

forms  of,  SST. 

paraboioM,  S9t. 

spherical  aberration  ot^  Sn. 
RelhtcUon  of  heat,  SOt. 

of  tight,  dcfliiltionB,  SM. 

by  a  sphere  of  glasa,  407. 

by  den  lie  media,  401. 

by  parallel  strata  of  different  media,  ttl. 

by  plane  {,'U»e.  397, 396,  40fi. 

by  ph»ms,  408. 

by  the  atmofphere,  400. 

cansc  of.  996. 

depth  of   water  rendered  apparently  less 
by,  4IM. 

donblc,  619. 

effects  of.  on  the  rlring  and  aetting  of  bear- 
en!y  bodle«,  400. 

index  of,  SM. 

laws  of,  3». 
Refraction  and  internal  reflection,  S98. 
Hefructlon  and  total  reflectlun,  8BB. 

of  vonnd.  &S1. 

law  a  of,  583. 
Refractory  bodies,  ^04. 
tiegiilator  of  steam.enKine.  RM. 
SelHtion  of  IkhIIcs  to  Itchl.  850. 

of    cohesion  and    repulsion   In    the  three 
states  of  matter,  93 

of  power  to  weight.  66. 
Relative  InHneocc  of  the  sun  and  mooo  on  the 

tides,  933. 
Repnisinn.  eiccirlcsl,  656,  <DT. 

in  gHiiei>.  91. 

magnetic.  635,  636. 

of  hear.  303. 
Reservoir  of  electricity,  OM. 
Resistance  to  fracture.  17. 
Resolution  of  forces,  58. 
Resonance,  649. 

Respiration,    animal,    dependent  npon     atmos- 
pheric pressure,  146. 
Respiration   and  combustion    convame    oxygen 

and  supply  c«rbonlc  acid,  IM. 
Rest,  absointe  and  relative.  IS. 

no  absolute.  15. 
Resultant  ot  forces.  9(L 

of  motion.  58. 
Retina  of  the  eye.  443. 

duration  of  impression  on,  flU 

senKlliillry  of.  463. 

•iisc  of  Image  on.  437. 
Retrograde  motion  of  the  moon's  nodea,  S08L 

of  planets.  SRI. 
Rerolationof  primary  planets.  815. 

diurnal,  with  Ublc.  817. 

periodic,  with  Uhle,  815. 

sidereal  and  synodic  of  the  moon,  SEC 
Rerolvin;:;  ehi'lro-nuipniets.  ITS. 

IlKhtH.  416. 
Sight  ascension  of  a  body,  938. 

ancle  of.  B3S. 
Rings  of  Saiiirn.  K93 

dlmcDxloni^  and  distances  of,  fBL 
Rivers,  flowinc  of.  158. 

velocity  of,  1OT. 
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Rodf,  TibratioD  of,  B10. 
Booms  for  tpoakinK,  BCS. 
RotBr?  pomp*.  176-177. 

vteim-eiiKlDeH,  848. 
RoUtlou,  19. 


B. 


Satbtt  lamp  of  Ditt,  MS. 
SBt«lllt««  or  mooDS.  an. 

compoand  motluD  of,  SM. 

dlBUnce  of    In   oerol-diainelera  of  their 

plBDLtP.  8S8. 

EarlhV  SM. 

Jupiter's,  with  lablti,  817, 

NeptDiiK'i.  S30. 

SalnrD'a,  with  table,  8S8. 

UranuH',  with  table,  8i9. 
Satnrated  (pace.  aS3. 
Satam'H  ringv.  (63. 

dime  lis  Ion  B  and  diftancei  of,  BS3. 
Satnm'c  talelHlei',  dlsUcccg  and  periodic  titnee, 
8S8. 

eellpHS  of.  911. 
Scale,  mailcal.  BOfl. 

formation  of,  997. 
SdBtora,  a  variety  of  lever,  M. 
Screw,  endlere,  BO. 

cumbinailon  of  with  other  powera,  S6. 

modlllcatlon  of  Inclined  plane,  84. 

example  and  formnlR,  84. 

of  Arcbltnede*.  171. 
Beapon*.  affT. 

caniieii  of.  868. 

of  different  planets,  ST& 
Secondary  axl«,  3k), 

carrenti>,  elpctrical.  7&4,  78B. 

propertlcii  of  matter,  11-M. 
Secondary  planct«.  807,  836. 

compound  motion  ot.  816. 
Self-rFgialerliiR  tbermometerfl,  MS. 
SeaslbTfl  borlion.  938. 
Sericaof  elattlc  balls,  06. 
Seziant,  mariner's.  380. 
BbadowH,  632. 

densltj  of,  696. 

dlmenflon*  of  the  carth'B,  MO. 

dimenBloDH  of  Ihe  moon's.  EWO. 

of  bodies  larger  than  IhelllnnilnadngbodT, 
53S. 

of  bodic*    (inialler  than  the  lllamlnatlmr 
body.&ra. 

of  solar  bodies,  804. 
Sidereal  revolutlnn  or  tbc  moon.  866. 
81^*  of  the  todiac.  866. 

divli-ton  of,  874. 
Sine  ot  the  anirle  of  incidence,  3M. 

of  refraction,  894. 
Size,  apparent,  of  objects,  383. 
Smee's  battery,  736. 
Simple  micnmcope,  47S. 

pendatnm,61. 

proposltlooB  respecting.  81. 

vision  with  two  eyes,  467. 
Snow.  887. 
Bolar  bodies,  8DT. 

shadows  of.  MM. 
Solar  and  lunar  ecliptic  Units.  SOT. 
Solar  microscope.  479. 

radiation.  306. 

spectrjm.  41!l. 

colors  of,  419. 

dark  lines  In.  496. 

properties  of,  490. 

RliictloD  and  dispersion  of,  496. 

and  sidereal  time,  864. 

day.  864. 

system,  sm, 

ceDlre  of  eivvltv  and  motion  of,  S4S. 

ImpoeelhlTll;  of  delineating,  8H), 

Tepn-Fcnted  Dy  real  objects,  UIO. 
Solenoid,  770. 


SoUdlAcatlon,  804. 

SoHdlOcatlon,  dMnse  of  Tolame  br,  SOL 

liberation  of  Seat  bj,  SOS,  304. 
Solids,  characteristic  properties  of,  K41. 

condnctlblllty  of,  for  heat,  »40-M4. 

expansion  of,  116^19. 

struct  are  in,  M. 

nndolatione  of.  676-680. 

Telocity  ot  Bonnd  In,  648. 
Solstices,  MB. 
Sonometer,  678. 
Sonorons  or  sounding  bodiea,  OSl. 

difference  of  btNlies.  686, 

waves,  length  of,  690. 
Sound,  683. 

a  sensation,  583. 

distance  calculated  by,  697. 

causes  which  modify  iDteneity  of,  005. 

from  pipes.  683. 

intensity  of.  656. 

InterfL-rence  of,  664. 

limits  of  piTctrptible,  69a 

mediums  of,  5.39. 

not  Ins  Ian  tan  cons,  686. 

not  propagated  in  a  vscnum,  Cfli. 

propagated  by  wavce,  683. 

reflected.  544-664. 

refraction  of,  681. 

refraction,  laws  of,  681, 

time  required  for  transmlssltm  ot,  BH. 

velocity  of,  68B. 

velocity  ot  In  air,  6S9. 

velocity  of  In  irascs,  540. 

velocity  of  In  liquids.  541. 

Telocity  of  in  solids.  649. 
Sonndln<r  bodies  vibratu.  681. 
Soimds  caused  by  bumliic  hydrogen,  W4. 

dllTerent,  S!M. 

□  UHllIles  of  musical,  689. 

time  required  In  dlstlnguliih.  &43L 

velocity  the  same  for  an,  638. 
Boorceeot  heal,  906-118. 

of  heat  influenclns  dlathermancr,  999. 

of  light.  367. 
Space  described  by  a  (hlllng  body,  K. 
Space,  extent  of,  196. 
Spark.  electHcal.  881,  700,  701,  788. 

color  of.  TOI. 
Spenlcln^.  room  suitable  fOr,  003. 
Bpeali I ng- trumpet,  666. 
Specific  KTHvity.  114. 

insirumcnt  for  finding  of  liqnids,  110. 

mctb<Kl  or  finding  of  liqnids,  110. 

rule  and  example.  IIG. 

method  of  finding  of  solids.  116. 

rule  and  example,  115. 
8p«cUIc  Identity  of  matter,  7. 

heat.  981. 

alTMted  by  change  of  state.  tSS. 

vtrorl  of,  of  water  on  climate,  984. 

ot  gases,  386. 

standard  ot.  933. 

table  of.  of  different  substances.  SSS. 

table  of,  of  different  itotee  of  bodies,  388. 

weight.  114. 
Spectacles.  479. 
Spectrum,  solar,  419. 

dark  llnea  In.  490. 

DNwertiee  of,  490. 
Specula.  866,  368. 
Spherical  aberration  of  lenses,  419. 

of  mirrors.  391. 
Sptierlcsl  miiTorK,  concave,  880-888. 

convex.  381,  881 
Spheroidal  state  i>f  liqaide,  SSL 

cau»o  of.  381. 
Bplrlt-IeTel,  97. 

thermometer.  981. 
Spring  and  neap  tides,  918-996. 

variations  In.  994. 
Springs,  intermittent.  99, 180. 
Spy-glaas,  490. 
sUbht  equUibriiuii,  4a 
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SUblllty  of  bodle#,  48. 

SUbillty,  dependent  upon  position  of  cantre  of 
gravity,  43. 

reUUve  of  ciibei)  and  pyramldt,  44. 
BtAH,  binary,  tm. 

cluHUni  or,  M6. 

double,  943. 

motion  of,  910. 

Ihu  number  of,  949. 

tempormry,  or  new,  and  loil,  9CL 

verlablu  and  periodical,  941. 

(Hee  nebulie). 
Statical  electricity,  «4S. 
SUilcs,  M. 
Steam-boiler,  SSI. 

uxuluvlouB  of,  830. 
Steam,  eVctrlcliy  from,  681. 
8team-ciiL-i[ieH,  $45-3S4. 

boikrsof,  351. 

condeDMIion  In,  $51. 

fly-wheel  a  of,  354. 

Eovemont  of,  354. 
leh-preMurc.  349, 

illustrmlion  or  principle  of  low  preHnre,  SS3. 

ImpruvemeDiA  In,  347. 

low-prcH^nre,  or  condenalog,  354. 

origin  of,  345. 

parallel  motion  of,  354. 

redprocatlng  and  rotary  motion  of,  348. 

■tQfBnK-boxuH  of,  353. 

the  eccentric,  tin  Importance.  3B0. 

the  coil  pile,  .'H6. 

valvea  of.  361, 

Watt'*  Improvement,  84T. 
Hteam  heaicr«,  &S. 
Steam,  high  prcu^ure  of.  SS4. 

tati^nt  Eieat  of,  314. 

latent  and  veiiHiblc  beat  of  at  different  tem- 
poral urea,  315. 
Steelyanl»  an  example  of  levers,  09. 
8tereomono»cope,  41)8. 
Stcreoecope,  4W1. 

priliclplE*  of.  497. 
Stomach-pump.  IH7, 
Structure,  )□  sotltU.  34. 
Slnicture  of  the  humRn  eye,  440-444. 
Submerged  bodies  displace  wiiKr  oqual  to  their 
awn  hnlk.  113. 

not  preKt^  equally  In  all  directions,  113. 
Substance,  defined.  1, 
Suction,  explained,  I3S. 
Saction  and  lilting  pumpi,  173-185. 
Sulphate  of  copper  battery,  TW. 
Sun,  dark  epolaon.  814. 

declination  of.  STl,  931. 

distance  of  HIS. 

effects  of  lis  declination  on  lemporatnre, 
9»l. 

hit>  apparent  motion  In  tbe  ecliptic,  873. 

Influence  or,  Bll. 

magDliDiluor.  813, 

motion  11  of.  814. 

orbit  of,  aw, 

periodic  revolution  of,  893. 

quantity  ol  beat  from,  SOD. 

telescopic  view  of,  814. 

the  prludpal  source  of  heat,  305. 

veiocitv  or  hlH  tnolion  In  space,  893. 

when  It  shines  on  the  poles  of  the  earth, 
933. 
Synodic  ntvulution  of  the  moon,  866. 
Syphon,  188. 

conveying  water  over  hills  with,  191, 

dependent  on  atmospheric  pressure,  188. 

for  the  chemical  laboratory,  199. 
System,  soiur.  807. 

centre  of  Rrnvlty  and  motion  of,  84S. 
System?,  binary,  of  aiars,  M4. 

T. 

Table  of  absolute  number  of  vibrations  corre- 
spondin^i  tu  moslcal  notes,  BB7. 


Table  of  astertdds,  8M. 

boUlofc   point  at   Uffbnnt  ■tawptarte 
preMnrea,  SM. 

conducdbllitj  of  soHda,  ML 

depth  of  rain,  S43. 

dlsctiarn  of  Hqalds,  IBB. 

expaoMon  of  llqiilds.  >U. 

expansion  of  soltda,  SIV. 

Ullng  bodies,  5S. 

tteqnency  of  different  wlnda,  MS. 

length  of  wave*  of  ll^t.  SOB. 

melting  points  of  different  vabstaneee,  SM. 

■peclflc  neat  of  dltTcrent  Matee  of  bodlt*. 
S», 

epeclllc  beat  of  different  snbMtancea.  SSS. 

velocity  and  force  of  winds,  tVi. 
Tables  relating  to  primary  planets,  815;8M. 

eccentricity  of  orblie,  83S. 

Inclination  of  orbits  to  plane  of  ecliptic, 
849. 

polar  Inclination,  878. 

secondary  planets,  SK-SO. 
Telegnpb,  flrvt  experiments  In  electilcal,  TA. 

House's  printing,  TIT. 

Horsc'n  recordln^TTI. 

the  eartb  circolt,  778. 

Watson's,  776. 
Telegraphic  alpnabet,  777. 
Telescopes,  dlBbrent  kinds  of,  48a-4M. 

Galileo's,  481. 

Gregorian  reflecting,  49S. 

Lord  Rosse'B  reflectinK.  4M. 

Newtonian  reflecting,  498. 

reftactlng  astronomical,  4SB. 

Sir  William  Herschel's  reflectbif.  49I. 

terrestrial,  490. 
Teleecqplc  view*  of  the  primatr  plaiteta,  83b. 

of^thc  snn,  814. 
Telestereofcope,  4U. 
Temper,  33, 
Temperature.  iOO. 

extremes  of  natural.  907. 

measurement  of,  871, 

of  climate  affected  by  declination  of  tbe 
fun,  931. 

of  plantf,  313. 
Tenacity  or  remsiance  of  substances,  S7. 
Tenacious  liquids,  fall  or  flow  of,  06. 
Tension  of  vapors,  sas. 

colddlmlulshesandbeat  Increase*,  383.335. 

maximum,  933. 

electrical,  603. 
Terrewrial  attraction,  18. 

direcilon  of,  53. 

globes,  937, 

beat,  origin  of,  306. 

magnetism,  634,  <>3-1.  638,  643. 
Theoretical  and  actual  flow.  163. 
Theory,  Ampere's,  relating  to  electro-magnetism. 
7ti6. 

Copernicus',  of  astronomy.  808. 

electro-chemical.  7S6. 

of  heat.  eml»*ion,  301. 

of  heat,  nudulatory.  301. 

of  light,  emission.  360. 

of  iiglit,  undulalory,  366. 

of  magnetism.  BS.!. 

Ptolemy's,  of  nslronomy.  SOi. 

slngle-lluld.  ol  eloctrlclty,  66S. 

two-Huid,  of  electricity,  ti&4. 

wave  of  light.  4!K<. 

Volta's,  contact  of  Galvanism,  734. 
Thermo-electric  reviilvlns  arch,  788, 
Thcrnio-eleetricily,  TWT. 
Tberniometerw,  871, 

Ceiitlgmde,  Fahrenheit,  Keaumor,  ST3. 

conve'rrlon  of  scales  of,  873, 

differential.  383. 

flxint;  the  Itolllng  point.  377, 

fixing  tbe  freezing  point.  376. 

limits  of  mercurial,  3W. 

mercurial.  918, 

method  of  making.  X74. 
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Tbennometen,  mstbod  <rf  gnduttng,  nL 

Klf-mriateiins,  ttl. 

MnalbTlIty  of.lnO. 

ipirit,Ml. 

rundkrd  pointa  In,  fflB, 

lerU  of,  nSL 
Tbrve  rtatea  al  matter,  M, 
Tbonder,  TIS. 
TliDiider  slomia,  711 

clonda,  oriEiD  of,  7Ii> 
Tides,  Mmoaphenc,  080. 

affected  bj  wlnda,  BM. 

•m^tod  9j  conformatton  of  land,  HT. 

«*engc  elevation  of,  M6. 

different  heighta  ot  Id  different  oceans  and 
«eu,  lfi». 

inflneDce  of  the  fan  on,  ttlO. 

lag^ne  of  tbc  tide-wave,  1I1& 

not  milfonn,  B1& 

oppmite  llde-wBve,  onsc  of,  9S0. 

principal  cauM  Of.  014. 

relative  Inllnence  of  the  ann  and  moon  on, 
M. 

•ecoudarr  canae  of  oppoclte  tide-wave,  9)1. 

■Ingle  tide- wave,  916. 

apiine  and  neap,  9S8-9SB. 

two  tlde-wBVc».  917. 

vBrlattonn  In  epring  end  neap,  9M. 
Time,  equation  of.  BM. 

required  for  diatlnKiilehluK  soonds,  MS. 

(or  tranFmieiilon  of  tonod,  038. 

for  vIrIod,  41S. 

periodic,  of  beavenlj  bodies,  816. 

eolar  and  rldcnal,  SM. 
Tone  changed  by  echo,  548. 
TomadocB,  MS. 
Tonlon,  M. 
Toiat  reflectluD,  39S. 

Tourmatlnc.  action  of  on  ordinal?  light,  514. 
Toye,  o|«!c,  471. 
TTade-vlnd»,  WS. 
Tianalto.  979. 

calcalation  of,  SSI. 

Of  Mercury.  BSO. 

ot  Venu».  8QS. 
Tiwiflatlon  or  direct  motion,  19, 
Tranclncunt  bodies,  SC9. 
Tranemiiution  of  lamlnooa  waves,  BIS. 

or  radiant  hrat.  i9a 

of  ooLind,  time  required  (or,  086. 
Tranf  parent  bodies,  SG9. 
Tnimptt,  ear.  508. 

EpvaklnK.  SB9. 
Tnbea,  capilla^,  38, 
Tonlnc-Iork,  GM. 
Tnrblne  wheel.  16S. 

D. 

Cmbea,SH. 

Underrhot  wheel,  ISl. 

Undnlatlonc,  cnmhlnatloDa  of  tn  liquid*,  060. 

Interference  of,  of  Itqitlda  in  an  elllpH,  S66. 

or  flaallc  flolda,  dffl. 

al  liprht,  499. 

of  aotida,  S69. 
Uniform  motion,  S4. 
UnlMin,  691. 
Unit  of  force,  M. 
Unit  of  heat  S33. 
Universe.  960. 
Universal  dlrcbanrer.  697. 
UnFtable  equllibriuin.  40,  42. 
Up  and  down,  rdativc  terma,  OS. 
Upward  prei'i-urc  of  aimoepbere,  19B. 

or  liqiiiiii*.  ion. 

Uronua' Kaii-OMti'A.  di»laiiceii  and  periodic  times 
of,  829. 

V. 

Vacui'n.  evap*imtian  in,  3S3. 
fouitlain  lu,  14S. 


Vacnnm,  variona  phenomena  In,  IIB. 
Valves,  operMlon  of  In  iteam-enKlae,  861. 

safety,  of  steam-boilers,  30). 
Vaporisation,  definitions.  811. 
Vq>ors  and  sues.  Identity  of,  110. 

condensation  of  vapors,  8>T. 

density  of,  KB. 

formed  in  a  vacniun.  SIS. 

tension  of,  119. 

tension,  maximum  of,  SIS. 
Variable  motion,  64. 
Variations  of  barometric  height,  ISO. 

of  tbc  needio,  038-MX 
VarietlcM  of  motion,  19. 
Vegetabk-B,  electricity  of,  791. 

temperature  of.  S13. 
Vetocltv,  arcdemtcd,  of  falllne  bodies,  06, 06. 

in  comets,  83S, 

divcbarce  of  liquids,  100. 

eleciricVly.  718. 

heavenly  bodies.  600. 

leu,  lU. 

IlKht.  BH. 

llBbtnlnR,  no. 

river*.  IWi. 

plancif.  with  tabic.  S16. 

sound  in  air,  688.  639. 

sound  In  easca ,  540. 

aonnd  Inliqulda,  Ml. 

sound  iu  aollds.  649. 
Venns  as  morning  and  evening  star,  8B1. 

transits  of.  899. 

tranaitu,  )lat  of,  ^9S. 
Vibrating  corde,  nodal  polnlsof,  STl. 
Vibration  of  cordc,  &70-S7S. 

laws  of,  673. 

vcriflcallnii  of  lawa  of.  073. 
Vibration  of  air  In  pipes,  GtiS. 
Vlbratltii;  r[idi<  Hiid  plates,  nodal  points  and  lines 

of,  078. 
Vibration  of  plates.  077. 

of  rode,  676. 
VIbrattone,  abrolnte  nnmher  of  corresponding 
to  mnrlcal  note  a.  097. 

cause  <^  in  aonorona  bodlea  tllnstratcd  iiy 
striking  a  bell,  061,  068. 

Of  Dgiht.  499, 

of  Hiht,  direction  of.  000. 

of  »oaorons  bodlea.  081. 

of   sonorous  bodies,  Illustrated  hy  Jews- 
harp,  660, 

tranHverse.  of  light.  COO. 
View  of  tbi-  earth  from  Ihe  mnon.  861. 

of  the  moon  from  ibe  poles  and  equator  ot 
tbc  (Mrlh.  884. 
Views,  dlseolvinL'.  480. 

microscopic.  479. 

telescopic,  of  the  planets,  886. 

of  tbe  ann,  814. 
Virtual  focna,  »88. 

Visible  bodies  emit  light  Ih>m  every  point,  368. 
Vision,  439. 

angle  of,  448. 

binocular,  469. 

brilliancy,  454. 

conditions  of  distinct,  461. 

double.  USA. 

how  we  see  objects  close  to  the  eye,  453. 

Indistinct.  452. 

limits  of  distinct  405. 

sensations  of  excited  by  other  causes  than 
llKht,  473. 

timo  required  to  produce,  471 

why  wc  SGU  objeeta  erect,  their  Images  he- 
lm; Inverted.  450. 
Vlmal  raya,  nearly  pHrallcl.  406. 
Vucal  apparatae  of  man,  587. 
Voice,  ranee  of  human.  590. 
Volatile  and  flied  nqnld)*.  31>. 
Voltaic  arch.  747. 

heat  of,  701. 

oval  form  of.  748. 
Voltaic  batteries,  7YI-740. 
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Voltaic  clrcalt.  780. 

poUrity  of,  TtB,  Tin. 
Voltaic  currenw,  130. 

decoiapo»lUoa  of  water  bT,nS. 

fiecompoi'ltloQ  or  «alta  by,  'IBS. 
Volt)ilc«leciridty.  WS-IBS. 

ctiemlctl  eflbct»  or,  Ta. 

htiatloK  effects  ol.  131. 

lllumlii&tliig  effectv  of,  74r;. 

phyalulugical  effect*  of,  ISt). 

quantity  and  lDtciii>lty  o(,  781 
Voltaic  plio  or  battory,  T»7. 

chemical  affectii  of.  TU,  7S8. 

chemical  theory  of,  73B, 

Hlcclrical  currcDtM  of.  790. 

groapiii);  eleiueiitii  of,  7S1. 
BKtlDK  effect*  of,  761. 

maguelic  effecta  of,  761. 

physical  effects  of,  T4S. 

phvelciluglcal  effects  of,  7S& 

pofarity,  TSfl. 

theory  of,  TM. 

varieties  of.  7SS. 

Sim  pie  couple,  7M. 
Voltaic  apark  and  arch,  74T. 

oval  form  of,  748. 
Voltaivm  and  galvanlam,  T91-7M. 
Volta>  contact  thoory,  7U. 

diacoteriea,  734. 
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W&RMiKO  bnlldlDgn  by  codvocUoh  of  air,  396. 

by  ciiDvectlon  of  fluids  tik  pipes,  KB. 

by  i>teani  In  plpefi,  2S7. 
Water  as  a  inoilve  powur,  ISS. 

an  uxceptloj)  to  the  laws  of  contractloD  and 
cxpannlon,  t)8. 

boueflclal  effects  of  nneqnal  expaneion  of, 

bolllni;  temperatore  of,  817. 

compOA-lUoLi  of,  73S. 

compressibility  of,  S9. 

coiivcyi-'d  over  hlllH  by  siphons,  101. 

decomposition  of,  735. 

clastlelty  of.  89. 

expHndn  In  froczlnnr,  3!3. 

itr  flow  in  rlver«,  1S6. 

frecEiDguf  in  small  tabes,  3K. 

freezing  point,  temperature  of.  S93. 

ereat  capacltyoT  for  beat.  23-^. 

Bow  heated.  »3. 

lllut<trallon!<  of  the  pressure  of,  100-118. 

iinporlauce  of.  IDT. 

Imporlance  of  elevators  of,  107. 

Ifvelor.  9t-»i. 

losH  of  effective  head  of.  IM. 

preifKiireor  at  different  tlepths,  110-112. 

specific  heat  of,  %'a. 

Klandard  of  speciflc  heat,  S33. 

velocity  of  In  plpe^,  how  retarded,  190. 

velocity  of  in  rlvere.  1R7. 

velocity  of  dischargit  of,  ISS. 

venical  jois  of.  193. 

why  riKe*  by  soction,  13»,  173,  174. 

why  ri*c«  In  pumps,  174. 
Water  elevator-'.  Archimedes'  Kcreiv,  171. 

centrifliKul  pump.  168. 

chain  pump,  IM. 

endlerii"  chain  of  pots,  167. 

hj'iiranlic  mm,  173. 

T-ieiitrifn(,'iiI  pnmp,  17a 

lirilni;  wheel.  163. 
_       wheel  and  backets,  or  Persian  wheel,  186. 
Water  level.  96. 

pumpK,  173-186. 

»pouiF,  im. 


Water  wheels,  Ua. 
breast,  100. 

centrlhual.  IBS. 

ovenbot,  1GB. 

totblne,  Ita. 

nndersbot,  161. 
Waves  of  coodttDtatloD  and  larelhctlon,  tXt. 
Waves  of  llgbt,  836, 490. 

brilliancy  dependent  on. unpl it  nde  of,  SOL 

caoMs  of,  610. 

color  dependent  on  length  of.  BOB. 

determining  the  length  of,  90b. 

diruc^on  oT  BOO. 

In  any  nnmber  of  planes  rerolved  to  two 
planes,  6t7. 

length  or,  609. 

Inminons,  transmission  of,  513. 

table  of  letigib  of,  309. 
Waves  ol  llgnlds.  combinations  of.  aiVL 

from  loci  of  an  elllpre.  SHG 

fnterfbrence  of,  563. 

iulerference  oftn  an  ellipse,  fifjfi. 
Waves,  reflection  of  from  parabolic  cun-es,  SM. 
Waves  of  sound,  raus«l  bjeirlklnga  bell.  561. 

interference  of,  668. 

winonin*.  ro-cxlslence  of,  B68. 

tide,  916-031. 
Weather  Indicated  by  barometer,  136. 

rule*  lor  judclni,'  by  the  tuimnieter,  186. 
Wedge,  a  form  of  in r.linud  plane,  8S. 

formulie  rcFpoctlng,  Ed. 
Weight,  deflnition  of,  39. 

different  in  difl'erent  localities,  46^1. 

aa  reslsiaace,  66. 
Welding,  34 
Wells,  artesian,  93l 
Wheel  and  axle,  71. 

example  and  fomiulK,  71. 

compound,  74. 

example  tiiid  fotmulte.  74. 

barometer,  138. 
Whirlwind.  366. 
Whispering  KBilcricf,  333. 
White  Mghl.  recom position  of.  431. 
Windlasf.  simple,  73. 

differential  or  double,  73. 
Winds,  action  of  oa  sails,  S9. 

cause  of.  363. 

deflnlrion  of.  360. 

general  direction  of  freqnency  of.  968, 

nurricancs  or  cvcloiies,  865. 

klnd^  of.  361. 

land  and  >ea  breezes,  361. 

periodical.  Va\. 

physical  properties  of,  967. 

pressure  of.  389. 

rcKnlar,  Stil. 

table  rcspecllns:,  STO. 

tornadoes  or  whirlwinds,  366. 

trade.  363. 

variable,  361. 

velocity  of,  370. 
Wood,  condnctlon  of  heat  by,  344. 
Working  point  in  machinery,  66. 

Z. 

Zbko  absolnte.  376. 

Zenith  distjincc.  OSS. 

Zero  point  of  thermometers.  9^. 

Zodiac.  865. 

names  of  the  idgns  of.  !W6. 

signs  or  constclUtions  of,  866.  81%. 
Zones.  93i. 

MiAA.  B3S. 

temperate,  8SS. 

table  of.  of  dlfl!^nt  planetf,  S78. 

torrid.  933. 
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